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Abstract 
 
An Analysis of the Texas Vehicle Fleet and Development of a Vehicle 
Operating Cost Model for use in Transportation Planning  
 
Dana Welter, M.S.E 
The University of Texas at Austin, 2011 
Supervisor:  Ronald D. Matthews 
 
Vehicle operating costs are an invaluable tool to transportation engineers, who utilize 
them in applications such as cost-benefit analyses and utilization pricing.  Many of the 
existing models in use, however, are significantly out-of-date with current technology.   
Research was undertaken in partnership with the Texas Department of Transportation 
(TxDOT) to develop a new model of the operating costs associated with Texas vehicle 
fleets.  A vehicle operating cost (Vcost) model was produced which estimates variable 
and fixed costs associated with both light-duty and heavy-duty vehicles.  The model 
calculates both aggregate fleet costs and costs for individual representative vehicles.  An 
analysis of Texas Vehicles, Titles, and Registration (VTR) records; Weigh-in-Motion 
data; vehicle counts; and national car sales data was used to generate the breakdown of 
the Texas fleet of vehicles and to determine representative vehicles.  Operational costs for 
these vehicles fell into two main categories: fixed costs (depreciation, financing, 
insurance, and other) and variable costs (fuel and maintenance/repair).  Relations were 
determined for each cost category for each representative vehicle over its entire 
operational age.  In the case of heavy-duty vehicles, much of the operational costs 
information is proprietary and had to be gathered in survey work conducted with other 
members of a research team. A computer program was written that incorporates the cost 
relations for the representative vehicles as well as the Texas fleet characteristics in such a 
way that the user can examine the costs of both an individual vehicle and the aggregate 
costs associated with a fleet of vehicles.  The user can also input a default fleet 
composition.  The model allows users to alter key parameters (such as fuel price, 
financing rates, insurance costs, or vehicle fuel economies) for future adaptability to a 
changing economic and technological landscape.  The model was developed in parallel 
with another researcher working on an advanced fuel consumption model, which would 
later be integrated into to the Vcost model.  
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1. INTRODUCTION 
 
Research was undertaken in partnership with the Texas Department of 
Transportation (TxDOT) to develop a new model of the operating costs associated with 
Texas vehicle fleets.  A vehicle operating cost (Vcost) model was produced which 
estimates variable and fixed costs associated with operation of both light-duty and heavy-
duty vehicles.  The model calculates both aggregate fleet costs and costs for individual 
representative vehicles.  An analysis of Vehicle Titles and Registrations (VTR) records, 
Weigh-in-Motion data, traffic surveys, and national car sales data was used to generate 
the breakdown of the Texas fleet of vehicles by class and to determine representative 
vehicles for each such class.  The model allows users to alter key parameters for future 
adaptability to a changing economic and technological landscape.  The model was 
developed in parallel with another researcher working on an advanced fuel consumption 
model, which would later be integrated into to the Vcost model. 
An understanding of vehicle operating costs is an essential tool for transportation 
planning.   Vcost estimates can be used to develop the cost-benefit analyses which are 
used to evaluate different transportation options.  Vcost estimates can also be used as a 
basis for utilization pricing of transportation resources (e.g. lane rental or toll).  An 
understanding of the costs of vehicle operation leads to a more efficient use of 
transportation resources.  The Vcost estimates are also of use in terms of revenue 
projection, as fuel tax and registration fees provide financial support for transportation 
development.  Current fuel tax revenue forecasting is projected from population growth; 
analyzing the fleet fuel consumption with the Vcost model may provide another useful 
prediction tool. 
Many Vcost models currently in use, however, are dangerously outdated; one 
model that inputs into transportation planning programs such as MicroBencost was based 
on experimental work derived over twenty-five years ago.  While costs from older 
models can be indexed for inflation, key changes in the economic or technological 
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landscape can cause those relations to break down.  For example, back then maintenance 
and repair together signified a significant cost of light-duty vehicle ownership, and fuel 
was a minor cost.  With decades of improvements to reliability and the increasing price of 
crude oil, now fuel has become a significant cost while maintenance and repair are minor 
in comparison.   
Several design constraints influenced the development of this model.  The Vcost 
model was required to provide accurate information for estimating, in aggregate, the costs 
associated with operating vehicles. The model also had to reflect the particular vehicle 
fleet characteristics of Texas, which can differ in significant ways from national averages.  
Furthermore, the Vcost model had to be presented in such a way that the TxDOT 
transportation planners and other staffers could utilize it without extensive training or 
knowledge of programming/engineering.  Finally, it was essential that the model could be 
easily updated in the future, so that it did not become obsolete.   
 Below is a quick outline of how the Vcost model was developed, and its 
important components.  First of all, an extensive literature review was conducted into 
previously developed Vcost models.  Then a structure was formulated for the model, 
which is as follows:  Vehicles are divided into light-duty vehicles (LDVs) and heavy-
duty vehicles (HDVs), which are each then divided into classes (e.g., pickup, car, SUV).  
For LDVs, these categories are divided into subcategories (i.e. small, medium, and large 
sedans).  For each category, a few representative vehicles are chosen.  Operational costs 
are then calculated for each representative vehicle for each year of its lifespan.  The 
operational cost for a given representative vehicle was then taken as a weighted average 
of the costs associated with each age, where the weighting was determined from VTR 
data.  The aggregate operational cost of a fleet of vehicles is taken as the weighted 
average of these representative vehicles.   
 Once this overall structure was determined, the vehicle classes and subclasses 
were defined.  For each LDV vehicle subclass, three representative vehicles were chosen.  
Several years of national auto sales data were used to determine the most commonly 
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bought vehicles in each subcategory.  HDV representative vehicles were chosen based on 
surveys with major Texas trucking firms. 
Following that, operational costs were researched for the representative vehicles.  
For the heavy-duty trucks, these costs were largely based on survey data.  When relevant, 
relations were generated to express the operational cost as a function of vehicle age.  The 
operational costs fit into two major categories: fixed and variable.  Fixed costs are 
insensitive to utilization and fall into four categories: depreciation, financing, insurance, 
and other fixed costs (typically licensing and registration).  Variable costs, which accrue 
on a per-mile basis, fall into two categories: fuel and maintenance/repair. 
 Next, analysis was conducted to determine the overall characteristics of Texas’ 
fleet and vehicles.  Such characteristics include breakdown of vehicle classes by 
registrations and by roadshare (registration weighted by yearly mileage), age distributions 
of vehicles, and commercial trucking traffic characteristics.  For this analysis, data from 
Texas’s Vehicle Titles and Registrations (VTR) database was used.  Also, TxDOT’s 
traffic surveys and Weigh-in-Motion (WIM) stations were utilized.   
The representative vehicles, fleet characteristics, and Vcost relations were then 
combined in a user-friendly application.  The Vcost program was written in the Visual C# 
language.  The program allows a user to specify whether they would like to look at fleet 
or individual vehicle analysis, and then depending on that choice allows the user to select 
the vehicle or alter the default fleet composition.  The program also enables the user to 
change almost any parameter related to the system- for example, interest rates for 
financing, insurance costs, and fuel price.  The user can also alter the vehicle parameters, 
such as repair costs and fuel economy.  The program then displays the cost of operation 
in each cost category in either a yearly or per-mile format.   
 Chapter two covers the literature review of Vcost modeling.  An overview of 
representative vehicles and fleets is then presented in chapter three.  Chapter four and 
five discuss the development of representative vehicles and fleets, respectively.  In 
chapter six, the determination of vehicle operating costs is discussed and the resulting 
Vcost model is presented.  Finally, chapter seven concludes the report with a summary of 
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the research, validation of the results, discussion of the Vcost model’s possible 
applications.   
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2. LITERATURE REVIEW 
A literature review of other Vcost estimates was undertaken throughout the 
duration of the study. Sources included academic, industry, and commercial estimates of 
Vcosts.   
Various academic institutions, private-sector parties, and trade organizations have 
produced Vcost studies. These studies vary widely in scope and methodology. Studies 
range from focusing solely on personal light-duty automobiles or commercial trucking, 
while some encompass both categories. 
While some Vcost estimates capture the total operational cost, others focus 
exclusively on the variable costs of operation. While some studies are contracted out to 
governments for public policy planning reasons, and others are produced by trade 
organizations to inform business operations, others, such as the American Automobile 
Association guide, exist to educate the consumer. These disparate motivations and 
focuses result in a wide and diverse body of Vcost estimates. The most modern and 
pertinent publications on Vcosts are outlined below. 
 
2.1  Government & Academic Studies 
In 2003, the Minnesota Department of Transportation (MnDOT) commissioned a 
report that was released on the per-mile cost of truck and automobile operation (Barnes 
and Langworth, 2003). This cost estimate focused on variable rather than fixed costs as 
the MnDOT sought to use it as a tool to compare costs in traffic planning—for example, 
a traffic congested corridor versus a longer but less congested route. The study 
investigated both the costs of personal vehicles and that of commercial trucks.  
The cost estimate consisted of five main factors: fuel, routine maintenance, tires, 
unanticipated repairs, and depreciation. Because the Vcost estimate seeks only mileage-
based costs, the depreciation cost was based solely on the depreciation due to mileage 
and thus is lower than the vehicle’s overall depreciation, which is also based on the age 
of the vehicle. The MnDOT Vcost analysis differs from many in that it takes into account 
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the life-cycle costs of vehicles, whereas many Vcost analyses (notably that of AAA) only 
take into account the first 4-5 years of vehicle life. This study also took into account 
highway, urban, and congested-urban traffic conditions, as well as pavement roughness, 
via the use of multiplicative adjustment factors. The MnDOT report also provided Vcost 
estimation flexibility, as it provided a spreadsheet calculation tool that can be adapted to 
future conditions, rather than a static estimate that is prone to obsolescence.  
This study used Intellichoice.com's Complete Car Care Guide for maintenance, 
repair, and fuel economy data for personal automobiles. Fuel economy is dependent on 
the ratio of city to highway driving, and can be further adjusted by the level of 
congestion. Because Intellichoice.com only estimates the repair cost for the first 5 years 
of a car’s life, the study assumes that 50% of the total 5-year cost occurs in the fifth year. 
It then assumes the car has this same 50% repair cost every subsequent year. The study 
attempted to capture the higher utilization by assuming that 33% of mileage was driven 
by vehicles less than five year old. (They found in the literature that 25% of cars and 31% 
of trucks/pickups were less than 5 years old). Repair costs were adjusted with a pavement 
roughness multiplier, a city/highway driving multiplier, and a 3% annual inflation rate. 
Mileage-based depreciation was found from the N.A.D.A. Official Use Car Guide. A 
different rate was used for vehicles less than or greater than 5 years old. This was also 
adjusted by utilization by the same method as repair. The personal fleet was 
approximated using data from Ward’s Automotive Yearbook; national sales by model 
and state sales by make were combined to get the distribution.  
For trucks, only one truck type was modeled—that of a 5-axle semi-truck. Prices 
of truck maintenance were found from the literature and adjusted for inflation. The 
adjustment for traffic congestion stop-start conditions was assumed to be the same as for 
a passenger car. Overall, the Vcost estimation for trucks involved many approximations 
and was not as detailed and in-depth an analysis as that for personal vehicles.  
Levingston et al. (2005) addressed the operating costs per kilometer of 
commercial trucking firms in Minnesota. A survey of trucking firms was conducted and 
served as the basis for the cost estimate. The study focused on the aggregate cost of truck 
7 
 
operation, rather than breaking it into cost categories such as fuel, repair, wages, etc. The 
cost estimate in this study was not designed to scale with changes in input prices; its 
scope was only to capture costs at the time of the study. Instead, the model was designed 
to be responsive to firm-specific parameters such as firm size or other operational 
characteristics. A Cobbs-Douglas model was used to find elasticity of cost with respect to 
certain utilization parameters. The model showed constant returns to scale- an increase in 
km/load or truckload resulted in an equivalent percent increase in total cost. The survey 
resulted in an average cost per kilometer in Minnesota of 0.69 $/km. The model resulted 
in an average cost of $0.64/km. 
Another study (Logistics Solution Builders, 2005) evaluated the costs of trucking 
in each Canadian province, five U.S. regions, and along interprovincial and Canada-U.S. 
trade corridors. The operating costs evaluated involved typical factors such as fuel, 
maintenance, and licensing, as well as less commonly evaluated components such as 
driver wages, equipment purchase, and administrative expenses. In this, the Canadian 
report addresses the overall cost of doing business in the trucking industry rather than just 
the costs necessary to operate the vehicle. Trucks of several different axle configurations 
were considered in the study. 
The methodology of the study involved developing a computer model to develop 
component and total cost estimates for vehicles, based on average cost estimates. These 
input cost values were determined via five basic sources of information: quotes from 
suppliers of products such as tires or fuel; consultation with transportation experts; union 
agreements on pay, working conditions, benefits, etc; consultation with regulatory 
agencies pertaining to licensing fees, taxation, etc; and a review of published literature 
and other data sources. 
The study provided regional costs of operation for various freight truck types. In 
addition, it also compared the relative costs of freight trucking versus double stack rail 
container shipping for several intercity corridors. 
Berwick (1997) differentiates between local and intercity trucking, which are 
widely divergent in their operations and the corresponding costs. He focuses on intercity 
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truckload (TL) (as opposed to less-than-truckload, LTT) and of those, specifically on 
owner-operators. The study was supported primarily by literature but also by industry 
survey. These costs were developed using a spreadsheet model. Driver wages, 
management, and overhead are included in the cost. The fuel cost was calculated based 
on a $1.25 price per gallon of diesel. Repair and fuel costs were modeled as sensitive to 
gross vehicle weight (GVW).  
The model is responsive to user input for a variety of parameters to more closely 
match the operation of any particular firm. The model outputs in terms of cost per mile, 
per ton, per ton mile, per month, or per year. A sensitivity analysis was performed to 
educate the user on the responsiveness of overall cost to a 10% change of each parameter.  
 
2.2   Industry & Consumer Group Reports & Guides 
 
The Owner Operator Independent Drivers Association (OOIDA) published a 
survey focusing on the operational costs of its owner-operator members. OOIDA 
collected costs related to all facets of business, including depreciation, investments, 
utilization, liability insurance, permits, and all variable expenses such as fuel costs, driver 
meals, and repair. The average operational cost per mile was $0.84/mile, and gross 
income $1.26/mile. 
The American Automobile Association (AAA) has researched personal (non-
commercial) vehicle operating costs (VOCs) since 1950, which it publishes annually in 
the report Your Driving Costs. This report estimates the overall cost for an average 
personal vehicle over a five-year period, where the vehicle is driven 15,000 miles per 
year, by monitoring the costs corresponding to the following categories: fuel; 
maintenance; tires; insurance; license, registration, and taxes, depreciation, and finance. 
These cost categories were collected into two broader categories: a per mile operating 
cost (fuel, maintenance, tires) and a per year ownership cost (insurance; license, 
registration, and tax; depreciation, finance). Five vehicle categories were developed: 
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small, medium, and large sedan; 4WD sports utility vehicle (SUV); and minivan. The 
2008 Driving Costs revealed an average cost of 54.1 cents/mile for owning and operating 
a sedan, of which 17 cents/mile could be attributed to operating costs. The total and 
operating costs of a 4WD SUV were 69.7 cents/mile and 23.5 cents/mile, respectively, 
while those for a minivan were 57.6 cents/mile and 19.4 cents/mile, respectively.  
It should be noted that a majority component of the operational cost, fuel cost per 
mile, was estimated based on a gasoline cost of $2.941/gallon. Because fuel prices have 
since risen by 15% (using the AAA fuel price index) and are expected to continue to 
increase, this makes the operational cost estimate conservative at best. 
Also of note was the inclusion of financing as a factor of the overall ownership 
cost of a personal vehicle. This cost value is based on a 5-year loan at 6% interest, with a 
10% down payment. In many Vcost estimates, vehicle financing is not a cost parameter. 
Therefore, when comparing a AAA Vcost estimate to other Vcost estimates, it would be 
necessary to omit the financing term. Furthermore, the AAA estimate may be valid for 
individual use, but will be conservative when applied to business vehicles, as commercial 
use entails additional costs and typically higher insurance rates.  
It is also of note that the methods by which the AAA Vcost estimate was 
generated are proprietary, so it was unclear how some of the terms were calculated. The 
annual AAA Vcost report is widely used for various applications, from government 
transportation reports to a basis for setting private industry compensation for vehicular 
travel compensation. 
Intellichoice.com provides an estimated cost of ownership for new automobiles, 
with the intent of educating the consumer prior to a vehicle purchase. Intellichoice.com 
calculates the cost for the first 5 years of vehicle ownership. The cost categories include 
depreciation, financing, insurance, state fees, fuel, maintenance, repair, gas guzzler tax, 
and hybrid tax credit.  
Depreciation is determined based on private-party trade-in value, assuming the 
vehicle is in good condition with 70,000 miles. Financing was based on a 20% down 
payment and a 60-month loan at an interest rate of 6.6%. The insurance cost was a 
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comparative estimate, based on a person of less than 65 years of age, with no chargeable 
accidents and over 6 years of driving experience. The state fees cost is a weighted 
average of the new car fees for all states, including sales tax, registration fee, and title fee. 
The fuel cost was calculated based on a price of $2.87/gallon, a 60% highway/40% city 
driving pattern, and EPA fuel economy. Maintenance costs were based on manufacturer’s 
selected intervals and standard pricing. Repair cost was based on the price of an extended 
service contract that covers repairs at 0% deductable for at least 5 years, 70,000 miles.  
Intellichoice provides a good baseline for comparing costs of different vehicles, 
but because it only looks at the first 5 years of ownership, it overestimates the actual 
operating cost of the vehicles. The average age of a sedan is around 9 years. Also, a 
utilization of 14,000 miles/year is high for the typical driver, who, according to the 2000 
Census travel survey, drives closer to 12,000 miles/year. 
Consumer Reports Magazine provides cost-of-ownership estimates for all new 
vehicles listed in its database, with the purpose of informing consumers on personal 
vehicle purchases. The costs are estimated for the first 8 years of ownership; like most 
consumer-based Vcost estimates, they do not take into account the full lifecycle costs of a 
particular car. Costs are broken down into depreciation, interest, sales tax, insurance, fuel, 
and maintenance/repair.  
Consumer Reports continuously accumulates repair data through their Annual Car 
Reliability Survey. Fuel cost was estimated from the EPA fuel economy, national average 
fuel price, and an annual mileage of 12,000 miles. Insurance estimates were based on 
Insurance Institute for Highway Safety (IIHS) data. Interest cost was premised on all 
vehicles being financed at 15% down, for a 60-month term, with interest according to the 
national average from bankrate.com. The depreciation cost was based off current MSRP 
and past resale history of the vehicle line.  
Cumulative owner costs were displayed for the 1st, 3rd, 5th, and 8th year of 
vehicle ownership. Costs per mile were based on a utilization of 12,000 miles/year.  
Consumer Reports provides a better operating cost estimate than Intellichoice, in 
that it looks at the first 8 years of ownership instead of just the first 5. Furthermore, their 
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maintenance and repair estimates are grounded in empirical survey data, rather than 
estimates based on warranty plans. The range of vehicle ages in the VOC estimate, 
however, still is not representative of the older vehicle fleet in operation and thus 
considerably overestimates costs.  
2.3  Studies from Other Countries 
The NRMA, an Australian organization based in New South Wales (NSW), 
produces estimates of operating costs of a variety of automobile models. The costs are 
calculated for the first 5 years of operation of a car, assuming it drives 15,000 km/year. 
The costs are output in terms of average weekly fuel bill, average weekly running costs, 
average cost per km, and total average dollars per week. The estimate takes into account 
capital costs (depreciation and opportunity cost), standing costs (registration, CTP 
insurance, Comprehensive Insurance, and NRMA Basic Care cover), and running costs 
(fuel, maintenance, and tires). The vehicle is assumed to be bought outright so there is no 
cost due to financing. 
Depreciation and opportunity interest were calculated based on dealer price plus 
sale fees and the residual fifth year value on the car. The opportunity cost is the 
depreciation times the Reserve Bank interest rate over the 5 years of ownership. 
Insurance calculations were based on a driver age 29 to 55 in a medium-risk suburb of 
Sydney. For fuel cost, the fuel economy was multiplied with a factor and then by the 
average price of fuel. 
The Royal Automobile Club of Victoria (RACV) in Australia also provided VOC 
estimates. Like the NRMA study, it investigates the ownership cost of the first 5 years of 
a new car, assuming a yearly utilization of 15,000 km. Its standing costs include 
depreciation, insurance, and financing costs, as well as purchase fees such as dealer 
delivery fees and state fees such as stamp duty and registration. The running costs 
consisted of fuel costs, tire costs, and service and repair costs.  
Depreciation was the difference between the purchase price and the fifth-year value of 
the car. The financing cost was based on a 100% loan, with annual interest of 11.8% and 
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a five-year term. Insurance costs were based on RACV insurance for a personal-use car 
with an owner above 30 years of age, garaged in Donvale. Fuel consumption was based 
off the ADR/81/01 Combined test figure from the Green Vehicle Guide. Fuel price was 
taken as the Melbourne metropolitan average over the last 6 months. Service and repair 
costs were calculated using manufacturer-recommended service schedule for service and 
commonly failing parts for unexpected repairs (brake pads, batteries). The average labor 
rate in Victoria was used.  
The categories of vehicles analyzed included: light, small, medium, and large cars; 
compact, medium, and large SUVs; commercial 4x2s, and commercial 4x4s. Costs were 
estimated for between three and twelve models per category. The models were chosen 
based on popularity. 
 
2.4   Conclusions 
 
The literature review provided insight into useful approaches to model vehicle 
operating costs.  Some studies, such as the OOIDA report on owner-operated trucking 
costs, provided a valuable source of hard-to-find data.  Other studies provide useful data 
for benchmarking results from a new Vcost model. 
The literature review also highlighted areas where a different approach would be 
beneficial.  Many reports highlighted assumptions and estimations that would not be 
accurate for the level of modeling required for transportation planning.  For example, 
most Vcost estimates reviewed above only considered the first 4-5 years of vehicle 
operation.  In contrast, the 26
th
 edition of the Transportation Energy Data Book 
(published by the U.S. Department of Energy and Oak Ridge National Laboratory) gave a 
median light-duty vehicle age of 9.2 years. The costs of a vehicle change dramatically as 
it ages- not only in aggregate but also in the relative importance of different cost 
categories.  For example, depreciation and financing together dominate the costs 
associated with a new vehicle.  An eight-year-old vehicle, however, has a very low 
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depreciation cost as compared to that of a new vehicle, but a markedly increased fuel 
cost. 
Another concern highlighted in the literature review was the mutability of certain 
parameters, particularly ones of economic focus, over time.  The most striking example is 
the fuel price, which has seen recent volatility.  Particularly in regards to heavy-duty 
trucking, a well-researched and developed Vcost analysis quickly gave inaccurate and 
obsolete results due to the change in fuel price.  Financial calculations are likewise 
subject to volatility.  The finance models used by the reviewed studies used differing loan 
terms, interest rates, and down payments.  Those values are highly responsive to often-
volatile market conditions.  In summary, previous Vcost publications highlighted the 
need to keep the model flexible to future conditions.     
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3. OVERVIEW OF REPRESENTATIVE VEHICLES AND 
FLEETS 
 
Over 15 million vehicles are registered in Texas, with substantial growth in 
numbers predicted over the next two decades.  
These vehicles vary in size, weight, type, engine size and fuel type and from this 
population, it was necessary to interview TxDOT VTR staff, retrieve substantial 
quantities of data and to undertake a thorough analysis to determine the representative 
types to be used in the study. The light-duty representative vehicles finally chosen for 
inclusion in the Vcost model can be seen in Table 1 and the representative fleet 
distribution can be seen in Table 2. 
 
 
Table 1: Representative Vehicle Fleet Utilized in the Vcost Model 
CARS AND LIGHT-DUTY TRUCKS 
CLASS 
VEHICLES CHOSEN AS REPRESENTATIVE CARS (Sedans & 
station wagons) 
Subcompact    
Compact Ford Focus Honda Civic Toyota Corolla 
Mid-Size Honda Accord Nissan Altima Toyota Camry 
Large Chevrolet Impala Ford Taurus Hyundai Sonata 
Pick-up Trucks    
Small Toyota Tacoma Ford Ranger Chevrolet Colorado 
Standard Dodge Ram 1500 Ford F100 Chevrolet Silverado 
1500 
Minivans < 2% of Texas Fleet 
Vans < 2% of Texas Fleet 
SUVs and 
Crossovers 
   
Small Ford Escape Jeep Liberty Honda CRV 
Mid-size Jeep Grand Cherokee Ford Explorer Chevy TrailBlazer 
Large Chevrolet Tahoe Ford Expedition GMC Yukon 
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Table 2: Default Fleet Composition Utilized in the Vcost Model 
88% LDVs 
 
59% Cars (Sedans, Station 
Wagons, Coupes) 
27% Compact 
38% Midsize 
35% Large 
27% Pickup Trucks 23% Compact 
77% Large 
14% Sports-Utility Vehicles 
(SUVs) 
37% Compact  
43% Midsize 
20% Large 
12% HDVs 65%  FHWA Class 9 (5-axle tractor-trailers) 
27%  FHWA Class 5 (2-axle, 6-tire trucks) 
8%    FHWA Class 6 (3-axle, single-unit trucks) 
 
3.1   Methodology for Determining Representative Vehicles & Fleet 
The methodology for determining the representative vehicles comprised three 
main tasks shown in Figure 1. 
 
Figure 1: Building a Representative Texas Vehicle Fleet 
Building a Representative Model  of Texas 
Vehicle Fleet 
Vehicle 
Classifications 
WIM /FHWA Truck 
Classes 
Typical Light Vehicle 
Classes 
Representation of 
Vehicle Classes in 
Overall Fleets 
WIM 
Traffic Surveys 
Representation of 
Vehicles and 
Subclasses within a 
Classification 
Trucks: Survey 
Light Vehicles: 
Vehicle Title & Registration 
Sales Histories 
Adjust for 
Utilization by 
Age 
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3.2   Vehicle Classification Systems 
Vcost calculations needed to be estimated for the main classes of vehicles using 
the TxDOT highway network. A variety of methods, all relatively similar to each other, 
were used for classifying highway users in surveys. These are briefly described and 
illustrated below. The main classifications were the Texas 6, FHWA fleet classifications, 
and the EPA’s classes and LVD/LDT-HDT designations. Table 3 shows the Texas 6 
Classification scheme and Table 4 shows the FHWA Classification Scheme.  
 
Table 3: Texas 6 Classification Scheme.  Source:TxDOT 
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Table 4: FHWA Classification Scheme.  Source: FHWA 
 
 
The Texas 6 and FHWA classification schemes are based on truck configuration 
(axles & trailers) and have 13 classes. The EPA scheme is based solely on weight and has 
8 classes.  There are a few subtle differences between the Texas 6 and FHWA 
classifications. The Texas 6 classification lists motorcycles and passenger vehicles in the 
same category, while the FHWA scheme lists them as separate classes. The Texas 6 
classification breaks 3- and 4-axle single trailer vehicles into separate categories, while 
they are combined as one category by the FHWA classification. Other than these two 
changes, and the number of the class (if below 9), the classifications are identical. The 
most common heavy truck (the five-axle, single-trailer vehicle) is Class 9 in both the 
Texas 6 and FHWA classifications and Class 8 in the EPA classification.  The EPA 
classification scheme can be seen in Appendix B, and Appendix C contains a figure that 
compares Texas 6 and FHWA classification schemes.  TxDOT uses the FHWA 
classification system, but it should be noted that the research team did not estimate 
Vcosts for motorbikes.  
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3.3   Overview of Vcost Classes 
A comprehensive set of vehicle classes was necessary for construction of an 
accurate, sensitive Vcost model.   
Vehicle classes fall into two major categories: Heavy-Duty Vehicles (HDVs) and 
Light-Duty Vehicles (LDVs). Heavy-duty vehicles are defined as trucks according to the 
Federal Highway Administration (FHWA) definition of vehicle classes. HDVs are in 
FHWA Category 4 or greater. These HDVs are typically commercial vehicles, used for 
purposes such as freight hauling.  
Light-Duty Vehicles are vehicles such as sedans, sports-utility vehicles (SUVs), 
and normal-sized pickup trucks used primarily for personal transportation (although they 
have commercial uses such as rental car fleets).  For a full listing of the vehicle classes 
and representative vehicles, see Appendices B, C, and D. 
To get the Texas fleet break down by class, multiple data sources were reviewed; 
the following three sources, however, formed the backbone of the fleet distribution and 
choice of representative vehicles: 
 VTR Data 
 Weigh-in-Motion Data & Vehicle Counts from TxDOT 
 Automotive News Sales History for years 2002 through 2008 
 
The vehicle count data from TxDOT provided a percentage of trucks by category 
as well as the percentage of light vehicles. The VTR data broke down the light vehicles 
into common class types (sedans, trucks, SUVs, and vans) by registrations.  This allowed, 
among other things, the ability to weight the relative roadshare of each class, and to 
determine the typical weight break-down for light-duty vehicles. Weigh-in-motion data 
helped to define the heavy-duty vehicle classes.  
3.3.1 LIGHT-DUTY VEHICLES CLASSIFICATION SCHEME 
The U.S. DOT light-duty vehicle categorization was taken as a starting point, and 
then modified such that it reflected sensitivity to the vehicles that were encountered in the 
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Texas-wide fleet. For example, instead of separate categories for sedans, two-door 
vehicles, station wagons, and hatchbacks; these vehicles were all combined into a “car” 
class.  This was because VTR data shows that sedans comprise the vast majority of that 
class, and that price differentials between these body types are negligible. Analysis of 
VTR data (which will be discussed in detail later and in Appendix D) showed that vans 
and minivans comprised merely 2% of the vehicle fleet, less than any subclass of any of 
the other major LDV classes. For this reason, vans were removed as a major vehicle class 
in the representative vehicle sample. Also, mini-compact and subcompact LDVs were 
absorbed into the “compact” car category as they comprised less than 5% of the compact 
car subclass. The resulting classification scheme consists of 3 main classes, each with 
two to three sub-classes, as can be seen in Table 5.  
 
Table 5: LDV Classification Scheme 
Car Pickup Trucks SUVs 
Compact Compact Compact 
Midsize Large Midsize  
Large  Large 
 
3.3.2 HEAVY-DUTY VEHICLE CLASSIFICATION SCHEME 
For HDVs, analysis of TxDOT’s Weigh-in-Motion (WIM) data and Vehicle 
Count (VC) data was used to determine the relevant categories of heavy trucks on Texas 
roads. Texas registration data was not used because a significant portion of 5-axle tractor-
trailer (FHWA Class 9)1 truck traffic is registered in other states, and FHWA Class 9 
trucks registered in Texas may spend a considerable portion of their operation in other 
states.  
                                                 
1 When referring to trucks by class designation, the Federal Highway Administration (FHWA) scheme is 
used, rather than the EPA or other classification scheme. A comparison of truck classification schemes is 
listed in appendices B and C. 
20 
 
The FHWA classification scheme lists 13 separate vehicle categories, 10 of which 
are for HDVs. To determine which of the categories constituted a statistically meaningful 
segment of Texas road traffic, TxDOT vehicle count data was analyzed. The 2006 
TxDOT vehicle count data set used in this research was aggregated from 88 different 
stations across Texas, and listed the vehicle counts by FHWA class (Figure 2). From this, 
the ratio of HDV traffic to LDV traffic could be determined (HDVs were 12% of traffic, 
on average). The traffic for each class of truck was also compared to determine which 
vehicle classes were significant. This is shown in Figure 3. 
 
 
Figure 2: Percentage of Traffic by FHWA Class, Aggregated Over All Monitoring Stations. 
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Figure 3: Percentage of HDV Traffic by FHWA Class, Aggregated Over All Monitoring Stations 
All HDVs constituting 5% or more of the overall HDV traffic were chosen to be 
significant. This resulted in FHWA Classes 5, 6, and 9 being chosen as representative 
classes. The Class 9 truck (referred to as a “Class 8” by those using the EPA scheme) 
constitutes the majority of HDV traffic in Texas. Only the costs of the Class 9 truck have 
been implemented into the current version of the Vcost model; a continuation of the 
research project currently underway is providing more detailed costs of the minor HDV 
categories.  Looking at Figure 2, it could be argued that truck Classes 5 and 6 have 
marginal, if any, impact on the overall fleet costs.  It was considered useful, however, to 
leave those class designations in the model in case they were of use to more particular 
aspects of transportation planning.  
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4. REPRESENTATIVE VEHICLES 
To find the operating cost for a particular vehicle class, several vehicles belonging to that 
class were chosen to be representative vehicles. The operational costs for these vehicles 
were then calculated and averaged to provide the overall operational cost for this class. 
Thus, it is important that these representative vehicles were chosen such that they 
represent, as accurately as possible, the vehicles comprising their class. 
 
4.1   Light-Duty Vehicles 
In addition to the VTR data set, a vehicles sales data set was also used to develop 
the representative vehicle set and flesh-out the fleet composition. A dataset giving U.S. 
vehicle sales by nameplate from Automotive News was analyzed for multiple calendar 
years (2002, 2003, 2004, 2005, 2007, and 2008). The results were differentiated by 
vehicle class, and a table of sales by vehicle class and subclass was generated. In each 
category, sales were also differentiated by model and make. The sales for several 
different years were thus analyzed to see which models and makes dominated the sales in 
each vehicle subclass. It was found that generally between three and five models 
represented the majority of sales in that subclass; and that three models represented, at 
the least, 30% of all sales in that subclass. For each subclass, three models were chosen 
as the representative vehicles for that class. The results of this analysis are displayed in 
Table 1 and in Appendix E. 
For illustrative purposes, the analysis for compact cars is shown in Figure 4.  It 
can be seen that the Toyota Corolla and the Honda Civic dominate the compact car sales.  
While the Chevy Cobalt/Cavalier sales were slightly higher than that of the Ford Focus, 
the latter was chosen as that nameplate was in production consistently over the examined 
years.  
 
 
 
23 
 
 
Figure 4: Compact Car Sales by Model Nameplate, Showing Only Models That Comprised 1% or More of 
Average Percent Yearly Sales Over 2002-2008 
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4.2   Heavy-Duty Vehicles 
Concerning the HDVs, while the vehicle count data specified the axle-trailer 
arrangement of the vehicles in question, in order to specify the representative vehicles 
more information was needed. The most pertinent factor was the weight of the vehicle.  
WIM records not only the weights of vehicles passing over the sensor, but also 
the number of axles, weight per axle, and whether a trailer(s) was towed. A C++ script 
was written to parse the WIM data entries for each event, extracting all vehicles of a 
certain axle configuration and recording the weights observed. This was used to generate 
a weight profile for each of the truck configurations of interest. The output from this 
analysis can be seen in Figures 5, 6, and 7 and Tables 6, 7 and 8.  Notice this weight is 
the typical loaded weight of the vehicle- not the curb weight or the gross vehicle weight 
rating.  These weight profiles, along with the axle-trailer designation from the FHWA 
class designation, allow specification of the class and representative vehicle. The Weigh-
in-Motion and vehicle count analysis for HDVs is provided in Appendix F. 
 
 
Figure 5: WIM Data – 2 Axle, Six-Tire Truck Weights (FHWA Class 5) 
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Table 6: Statistical Analysis of WIM Data for 2-Axle, Single-Unit Trucks 
 2ASU Vehicle 
Weight (lb) 
Median 8300 
Average 9277 
St. Dev 3832 
Minimun 4700 
Maximum 74900 
 
 
Figure 6: WIM Data – 3 Axle Single-Unit Truck Weights (FHWA Class 6) 
 
 
Table 7: Statistical Analysis of WIM Data 3 Axle Units 
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Figure 7: WIM Data – 5 Axle Tractor-Trailer Truck Weights (FHWA Class 9) 
 
 
Table 8: Statistical Analysis of WIM Data 5 Axle Units 
5aTT Vehicle Weight 
(lb) 
Median 59400 
Average 57859 
Mode 76200 
 
From the vehicle count data, all we knew about the HDVs was the axle/trailer 
configuration given by the FHWA Classification.  Knowing the typical road load weight 
for a configuration allowed us to further specify the vehicle.  For example, the Class 5 
truck is likely a combination of heavy work trucks like Ford F350 and F450 trucks.  The 
Class 6 vehicles are short-range delivery vans such as UPS trucks.   
Only the first HDV class, the FHWA Class 9 5-axle tractor-trailer (EPA Class 8), 
is currently under implementation in the Vcost model. The HDV section of the model 
will be updated when advanced fuel data and other resources are developed in the 
extension to this research project. The 5-axle tractor-trailer class has two representative 
vehicles. One represents an owner-operated vehicle, the other a typical company fleet 
0% 
2% 
4% 
6% 
8% 
10% 
12% 
14% 
16% 
Recorded Weight (lbm) 
2006 WIM Card 7 Data for 5-Axle Tractor-Trailer 
27 
 
vehicle. Information to describe the fuel use and other properties of these vehicles was 
found from sources including literature, industry publications, and surveys. 
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5. FLEET COMPOSITION 
One of the strengths of this model is that it does not just provide operational costs 
for various vehicles, but also calculates the average per-vehicle cost for a user-defined 
fleet. The fleet composition in the model is defined by the percentages of each of its 
constitutive vehicle classes and subclasses. For example, a fleet may be defined as a 
percentage of heavy trucks and light-duty vehicles. The light vehicles may then comprise, 
for example, another set of percentages (cars, pickups, and SUVs). This sub-category can 
also be broken-down or be sub-categorized into three further classes (e.g., compact cars, 
mid-size cars, and large cars).  
In many cases the fleet composition will be set by the user, often working from 
resources such as vehicle-count surveys. However, the user may not have access to the 
necessary resources and yet will want to make general estimates based on Texas traffic. 
For this reason, it was considered important to provide a rigorously researched default 
case, representing Texas vehicular traffic in aggregate.  
This functionality was also created and developed to allow the user to be able to 
tailor the model to the different fleet compositions and produce different output to guide 
policy makers and financial decision makers within TxDOT. 
 
5.1   Default Texas Fleet Composition 
 
Several sources were used to determine the Texas fleet composition, including 
Texas WIM data, traffic (vehicle count) surveys, and VTR data.  
Traffic surveys record the number of vehicles passing by a certain area and 
categorize them by vehicle type. The 2006 vehicle count data was analyzed for 84 
locations across Texas. General statistical traits emerged. For instance, the percentage of 
heavy truck traffic compared to overall traffic was approximately 12%. The traffic survey 
data also allowed the research team to set the default range for the percent composition of 
the heavy-duty truck categories in the model. 
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The VTR data, pulled from TxDOT’s database in August 2008, provided a list of 
current vehicle registrations which could be differentiated by parameters such as body 
type, model year, and vehicle weight.  
Information on individual vehicles, vehicle model names, VINs, EPA vehicle 
class, and cargo capacity was not available from this dataset. This was problematic, as we 
desired to examine registrations by vehicle class and model year. The U.S. DOT 
classifies sedans by cargo space (in cubic feet), a value not available in the VTR data 
pulls. 
To work around these limitations, automobile information from Intellichoice.com 
was used to estimate and map out vehicle weight and class. For all current vehicle 
models, the weight and vehicle classifications were assembled in an Excel spreadsheet. 
For each EPA vehicle class, a weight distribution histogram was created. The weight 
histograms were compared across each vehicle class and ranges of weights for each 
vehicle class were generated. This gave us a weight range for compact, midsize, and large 
sedans and SUVs, which were used in the official database query to VTR (which can be 
seen in Appendix A). 
Data was retrieved from the VTR in terms of vehicle registrations per model year 
for each of the specified vehicle classes. In addition, registrations by make and model 
year were also provided for the major class categories (cars, SUVs, pickups). This 
information is presented in Appendix D.  
In the VTR database results, only a small percentage of total SUVs and pickups 
were classified by weight. For this reason, VTR data could not be used to fix the 
percentage composition of pickup and SUV subclasses. National data from vehicle sales 
histories was used instead to develop these percentages.  
Next, the data had to be weighted by road share (or yearly vehicle miles traveled 
(VMT) times registrations) to accurately capture operating costs. Older vehicles are 
driven less than newer vehicles and the data needed to be calibrated to capture this 
element. While the VTR information represented vehicle registrations in Texas, it did not 
necessarily represent road share. Therefore, to find a relation between yearly utilization 
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and vehicle age, Table 4.5 from the Transportation Energy Data Book [U.S. DOE, 2009] 
was used to develop an equation to approximate utilization. A polynomial curve fit was 
made to the data, which gave an expression for yearly utilization as a function of age. 
This can be seen in Figure 8. 
 
Figure 8: Light-duty Vehicle Utilization as a Function of Age 
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Table 9: Vehicle Classification Scheme Used in the Vcost Model 
88% LDVs 
 
59% Cars (Sedans, Station 
Wagons, Coupes) 
27% Compact 
38% Midsize 
35% Large 
27% Pickup Trucks 23% Compact 
77% Large 
14% Sports-Utility Vehicles 
(SUVs) 
37% Compact  
43% Midsize 
20% Large 
12% HDVs 65% FHWA Class 9 (5-axle tractor-trailers) 
27% FHWA Class 5 (2-axle, 6-tire trucks) 
8%   FHWA Class 6 (3-axle, single-unit trucks) 
 
5.1.1 VTR DATA 
The information from the VTR data set assisted in forming the class structure and 
Texas default fleet composition for the Vcost model.  
Data was taken on vehicles registered in Texas as of August 2008. Details on the 
specifications of the data pulls can be found in the Vehicle Title and Registration (VTR) 
Query document which is attached as Appendix A. The two basic categories examined 
were passenger cars and passenger trucks. The passenger truck category was further 
divided into pickups, SUVs, and vans.  
Weight was used to separate approximate vehicle sub classes (for example, 
passenger cars into compact, mid-size, and large sedans). Because the VTR database 
could not provide model name or interior space, the exact EPA classification could not be 
determined (for passenger vehicles, EPA uses interior space in cubic feet). Using data 
provided by the consumer car sales guide Intellichoice.com, the 2008 vehicle fleet was 
analyzed to correlate vehicle weight to EPA category and set rough weight limits to 
define the subclasses used for VTR.  
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Passenger Car Age Distribution in Texas 
To understand the distribution of vehicle ages, both percent registration and 
percent road share were plotted by model year (Figure 9). Recall that road share is the 
number of registrations of a particular model year times the average utilization (VMT) of 
vehicles of that age. 
 
 
Figure 9: Texas Car Registrations by Model Year, 1998-August 2008 
 
As could be expected, newer vehicles are more commonly driven. Over 96% of 
the cars were from model years 1988 and above. In addition, the older a vehicle is the 
lower the yearly utilization, so vehicles over 20 years have even more minimal impact on 
the overall driving fleet. (Data supporting this was found from the Transportation Energy 
Data Book (26
th
 edition), published by the U.S. Department of Energy and Oak Ridge 
National Laboratory). For these reasons, from this point on, only vehicles of model year 
of 1988 or above are considered.  
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model year from the current year and adding 0.5. For registered passenger cars of model 
year 1988 and above, the average age of a passenger car was 7.52 years. 
The U.S. Department of Transport estimated the average age of a passenger car as 
8 years in the 2001 National Household Travel Survey. A more recent estimate put the 
median vehicle age at 9.2 years (Transportation Energy Data Book, Table 3-9, 27
th
 
Edition). Because this data was (presumably) not cut off at a vehicle age of over 20 years, 
it is suspected that much older vehicles are skewing the average larger, even though, 
statistically speaking, they are driven very little. There also may be significant variations 
in the automotive market comparing Texas to the nation as a whole.  
The cumulative distribution of passenger cars with model years 1988 and above 
was calculated for Texas from VTR data and can be seen in Figure 10.  VTR data shows 
that around 95% of registered vehicles are at or below 15 years. About 70% are below 10 
years. 
 
Figure 10: Cumulative Distribution of Car Registrations/Roadshare with Age. 
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Classes and Body Types in Texas 
The VTR database divides passenger cars into body types. The following 
categories: sedans, station wagons, Sport, and LL are the body types associated with cars. 
The LL body type is typically used to refer to SUVs, so it is assumed these vehicles are 
small crossovers. The VTR Data shows that the vast majority of passenger cars are 
registered as sedans (Figures 11 and 12). 
 
Figure 11: Car Body Style Registrations as a Percentage of Total Car Registration, by Model Year, 
from 1998- Aug. 2008. 
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Figure 12: Car Registrations by Body Style, by Model Year, from 1998- August 2008 
 
The subclasses of passenger cars were found for each of these body types. 
Because the sedan body type dominates, showing the subclass makeup of each body type 
is not necessary. The breakdown of the car class into its subclasses  is shown in Figure 
13. 
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Figure 13: Car Registrations by Subclass, per Model Year, from 1998- Aug. 2008 
 
Passenger Truck Age Distribution in Texas 
The passenger truck category is comprised of pickups, SUVs, and vans. Roughly 
65%, 30%, and 5% of trucks are pickups, SUVs, and vans, respectively. The average age 
of trucks for model year (MY) 1988 plus was 7.15 years. Figures 14 and 15 show this 
breakdown. 
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Figure 14: Passenger Truck Registrations by Model Year, from 1998- Aug. 2008 
 
 
Figure 15: Cumulative Distribution of Passenger Truck Registrations/Roadshare with Age 
 
Pickups Age Distribution in Texas 
The average age of pickups for MY 1988 plus was 7.73 years (Figures 16 and 17). 
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Figure 16: Pickup Truck Registrations by Model Year, from 1998- Aug. 2008 
 
 
Figure 17: Cumulative Distribution of Pickup Truck Registrations/Roadshare with Age 
 
Pickups are divided into compact and large based on EPA weight specifications 
(Figure 18). For some reason, many of the trucks in the database were not categorized by 
weight into either compact or large classes. It may be that the weight for these vehicles 
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was unknown. For this reason, the truck subclasses were not determined from VTR data, 
but from national sales records. The same is true for SUVs.  
 
Figure 18: Breakdown of Pickup Registrations by Subclass Based on VTR Weight Data 
 
SUV Age Distribution in Texas 
It should be noted that SUVs are statistically much younger than light-duty trucks 
in general. This combined with their relatively low fuel economy and high purchase price 
(and thus depreciation) results in them costing significantly more to operate. The average 
age of SUVs for Model years 1988 and greater was 5.79 years (Figures 19 and 20). 
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Figure 19: SUVs Registrations by Model Year, from 1998- Aug. 2008 
 
 
Figure 20: Cumulative Distribution of SUV Registrations/Roadshare with Age 
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Van Age Distribution in Texas  
Vans comprised only 2% of the total fleet, are much older, and therefore driven 
less. Because of this they were not chosen as a major fleet category. Figures 21 and 22 
show the breakdown of van registrations by age.  
 
Figure 21: Van Registrations by Model Year, from 1998- Aug. 2008 
 
 
Figure 22: Cumulative Distribution of Van Registrations/Roadshare with Age 
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Summary of VTR LDV Data 
Looking at recent registration data, overall, cars made up 58% of the registrations 
and light-duty trucks the remaining 42% (Figure 23). 
 
 
Figure 23: Total Registrations by Vehicle Type 
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Figure 24: Percent Fleet Composition of Passenger Cars Compared to Light-Duty Trucks – by Model 
Year 
 
5.2  Summary 
Extensive analysis of TxDOT VTR data permitted the author to develop the key 
representative classes needed to mirror the characteristics of the current registered fleet. 
Numerically, light-duty vehicles (LDVs) dominate and thus require the major focus in 
modeling. From traffic surveys, we know that heavy-duty vehicles comprise only 12 
percent of the fleet roadshare, and of the overall on-road fleet around 8 percent are 
FHWA Class 9 trucks of the type seen on the major Texas freight routes.  
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6. VEHICLE OPERATING COST MODEL AND USER GUIDE 
 
6.1   VOC Model Development 
The development of the Vehicle Operating Cost (Vcost) model depended on 
several main segments. Most importantly the representative set of vehicle classes needed 
to be defined. As noted in Chapter 5, this was created from reviewing the current 
registered Texas fleet (light-duty), coupled with analysis of Weigh-in-Motion (WIM) 
data, to obtain heavy-duty fleet configurations. This was also supplemented through a 
series of interviews that the author and other members of the research team undertook 
with heavy-duty fleet operators throughout Texas to get a sense of ‘what is on the 
ground’. This composition was then weighted relative to the number of vehicles in each 
class and, from this, a set of representative vehicles was derived. These can be seen in 
Table 10.  
 
Table 10: Representative Vehicle Fleet Utilized in Vcost Model 
CARS AND LIGHT-DUTY TRUCKS 
CLASS 
VEHICLES CHOSEN AS REPRESENTATIVE CARS (Sedans & 
station wagons) 
Subcompact    
Compact Ford Focus Honda Civic Toyota Corolla 
Mid-Size Honda Accord Nissan Altima Toyota Camry 
Large Chevrolet Impala Ford Taurus Hyundai Sonata 
Pick-up Trucks    
Small Toyota Tacoma Ford Ranger Chevrolet Colorado 
Standard Dodge Ram 1500 Ford F100 Chevrolet Silverado 
1500 
Minivans < 2% of Texas Fleet 
Vans < 2% of Texas Fleet 
SUVs and Crossovers    
Small Ford Escape Jeep Liberty Honda CRV 
Mid-size Jeep Grand 
Cherokee 
Ford Explorer Chevy Trailblazer 
Large Chevrolet Tahoe Ford Expedition GMC Yukon 
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Finally, the operating costs were researched and evaluated for each vehicle class. 
Trade data, academic research, and survey data was used to produce a set of costs for the 
light-duty and heavy-duty fleets. 
 
MODEL MEDIUM: CHOICE AND RATIONALE 
The alpha versions of the LDV and HDV models were initially created in 
spreadsheet form. It quickly became clear, however, that a spreadsheet could not present 
a clear, legible, easy-to-use, and modifiable model of sufficient complexity and depth.  
A review of similar spreadsheet-based models revealed that all but the simplest 
models soon became confusing to the user when navigating through multiple worksheet 
tabs of formulae and data. The inherent structure of the spreadsheet yields a limited 
ability to guide the user through the process of utilizing the data and producing output. 
This design results in a steep learning curve for those who wish to use the model with the 
concurrent danger that the model will not be used.  
Also, even with some read-only protection in place, there is concern that data or 
formulae can inadvertently be over-written by the user, which would render the model 
inoperable. There was also concern that compatibility issues between different versions 
of a spreadsheet program could lead to corruption of the Vcost model, or other 
complications in its operation. 
Different media were then reviewed to find the appropriate model and language 
with which to develop the Vcost model.  A form-based Windows program was chosen 
because it can lead a user through the operation of the model with minimal complexity 
and yet still provide enough flexibility necessary to update the model as newer or more 
pertinent information becomes available. 
There is a minor drawback to this medium. This is that any major, structural 
changes made to the program in the future would require a user with knowledge of 
programming. To avoid this problem, almost all variables used in the operating costs 
model are editable by the user, which reduces the potential that reprogramming will be 
necessary. This also allows the program to be flexible and responsive to changes in the 
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transportation landscape, such as changing fleet economics or conditions, fuel prices and 
fuel taxes, and to be portable to a variety of differing conditions. 
This medium for the Vcost model manifests as an executable program (.EXE file). 
It is written in the Visual C# language. This does not require any additional software 
(other than the program itself) to be installed on the user’s computer. 
Six main cost categories were identified for vehicles: depreciation, financing, 
insurance, other fixed costs, repair and maintenance, and fuel. These costs fall into two 
categories: fixed and variable costs. This section will describe how these costs, and the 
method by which they are approximated in the model, were developed.  
 
6.2  Operational Costs  
6.2.1 VEHICLE AGE 
Costs associated with vehicle operation vary strongly with vehicle age. 
Interestingly, the national median car age is 9.4 years, and the Texas average car age is 
7.5 years. Most vehicle operating cost studies, however, only examine the first 4 years of 
vehicle life. Because light-duty vehicles’ ages average around 7 years in Texas, and 
because the average vehicle finance term is 5 years,  it was decided to estimate costs 
significantly past the typical 4-year cut-off.  In the Vcost model, each cost associated 
with the representative vehicle was calculated for each year of operation up to 20 years. 
The overall operating costs associated with that vehicle are taken from a weighted 
average of those 20 years, where the weighting per year was developed from the analysis 
of VTR data. 
Because much of the research and knowledge pertaining to the cost of heavy-duty 
trucks is proprietary, most of the data and information used to calibrate the Vcost model 
came from our survey sources, with some assistance from trade publications and 
academic media. The Vcost currently has two representative Class 9 trucks- one is a 
large-fleet vehicle, and the other an owner-operated vehicle. 
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6.2.2  DEPRECIATION 
For LDVs, numerous sources in the literature were reviewed to gather 
information. What was found was that vehicle depreciation is usually modeled as a fixed 
percentage per year, typically 20 percent. Because vehicles are known to depreciate more 
in the first year of ownership than in subsequent years, a more refined model of 
depreciation was attained by using different values for depreciation in the first year than 
for subsequent years. The values for both first year and subsequent yearly depreciation 
can be edited by the user in the Inputs window. The new car value for a representative 
vehicle can be edited in the Representative Vehicle Inputs window; this will affect the 
depreciation cost associated with that vehicle.  
For HDVs, the average vehicle yearly utilization, lifespan in miles, and years of 
life were found from the Motor and Equipment Manufacturers’ Association’s (MEMA’s) 
2007 study Heavy Duty Truck Maintenance in the USA Volume 9 as well as from our 
survey sources. This data was used to approximate the depreciation in Class 9 trucks.  
6.2.3  FINANCE 
 
The research team then reviewed financing options for vehicle purchases. Our 
studies revealed that approximately two-thirds of new vehicle purchases are financed. 
The cost of financing is dependent on the cost of the new vehicle, the interest rate, the 
down payment amount, the term of the loan, and the credit score of the individual or 
group financing the vehicle. 
The National Automobile Dealers Association (NADA) produces a yearly 
publication of statistics relating to car dealership sales. The 2008 NADA Data publication 
provided quarterly information regarding the average financing rate and average loan 
length from years 2001-2007. The default finance rate and loan term (length) were 
chosen based on the averages over the last 5 years of data, and were 4.53% and 61 
months, respectively. Leased vehicles were not taken into account because it is a smaller 
percentage of the total market share.  
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Finance parameters, such as the percentage of new car purchases that are 
financed, the average interest rate, the average down payment, and the average loan term 
can be changed by the user in the Inputs window of the Vcost model. 
For HDVs, information concerning financing costs was found from the OOIDA’s 
survey of owner-operators and from an industry survey. Survey data from meeting with 
large trucking groups revealed that they typically do not finance their vehicles. 
6.2.4  INSURANCE 
Insurance rates were also calculated for the LDV and HDV fleets.  
For light-duty vehicles, this is the average amount paid yearly for vehicle 
insurance. Vehicle insurance is much more dependent upon the driver than on the 
vehicle. While the nature and value of the vehicle may have some effect on the yearly 
price of insurance (for example, a Miata may cost more to insure than an Odyssey) the 
driver's characteristics; such as age, location, driving history, and credit score; play a 
much greater role. There is also variation in insurance costs based on the driver's choice 
of comprehensive insurance rather than just liability insurance. For these reasons, 
insurance cost was not analyzed specifically for each representative vehicle. Instead, the 
average amount paid for insurance was used. A study by the Insurance Information 
Institute (www.iii.org) revealed that Texans paid, on average, $880 for vehicular 
insurance in 2004.   
For heavy-duty vehicles, the average yearly insurance cost was found via survey 
data, giving a yearly liability insurance of approximately $2200 and bobtailing insurance 
of $350. (Bobtailing insurance is additional liability insurance that covers the vehicle 
when not actively transferring cargo.  This could cover the time between unloading the 
cargo and returning to the terminal, or in the case of an owner-operator, the time between 
jobs).  Again this value can be edited by the user in the Inputs window of the Vcost 
model. 
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6.2.5 REPAIR 
The per-mile cost of light-duty vehicle repair has been shown to follow a linear 
trend with vehicle use in miles.  
Consumer Reports collects data on vehicle performance by model and age in its 
ongoing customer survey, the last of which included 1.4 million vehicles. This data was 
taken from the Consumer Reports data available in fall 2008 to its subscriber base. They 
use this survey to estimate owner costs for a vehicle, for which “maintenance and repair” 
is a category. Consumer Reports generated the cumulative maintenance/repair for the 1
st
, 
3
rd
, 5
th
, and 8
th
 year of ownership (the mileage per year was given). From these values, a 
linear trend was derived and used to calculate the repair cost per mile as a function 
vehicle age in miles.  
Obviously, repairs are affected by the vehicle age and the utilization. The 
utilization can be altered in the Inputs window of the Vcost model. 
The repair parameters of a particular vehicle, represented as the slope (m) and 
intercept (b) values describing the line that gives the dollar-per-mile repair cost versus the 
miles-driven, is editable by the user in the Representative Vehicle Inputs window. 
The cost of repair for heavy-duty vehicles was found from the HDMA’s 2007 
study Heavy Duty Truck Maintenance in the USA Volume 9. Data that was collected from 
surveys was also used in this calculation. The average per-mile maintenance cost for a 
FHWA Class 9 truck was $0.1439 for a private fleet and $0.1603 for owner-operators. 
6.2.6 FUEL 
The Fleet Output window allows the user to compare fuel cost for free flow, 
moderate congestion, and heavy congestion. Initially the fuel consumption is based on a 
linear combination of the EPA city and highway fuel economies.  Another researcher 
connected to the project is developing a refined fuel economy model to be integrated into 
the Vcost model. 
The fuel cost is greatly dependent on the prices of gasoline and diesel fuel. These 
prices can be set by the user in the Inputs window. 
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6.3 Vcost Model Review 
The Vcost model provides operating costs estimates for the user for specific 
representative vehicles as well as fleets of vehicles. The model allows the user to change 
key parameters so that the cost calculation is specific to any particular situation the user 
wishes to model, and can be updated as the economic or technological landscape 
changes.  
The model looks like a typical windows environment program. The user has 
buttons that are clicked with the mouse to move forward in the program, as well as go 
back to previous pages. As the user moves the mouse over the screen elements, ‘tooltip’ 
boxes appear that describe input values and variables to guide the user through the 
program. This view was deliberately chosen to provide the user with a program that 
looked, felt, and operated in a similar fashion to most windows programs and would be 
intuitive for the user.  
A screen shot of the opening program can be seen in Figure 25. 
 
Figure 25: Opening Screen of Vcost Model 
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 PROGRAM FLOW 
The program begins at the Main window (Figure 25). By clicking the “Start” 
button, the program then guides the user through menus and opportunities to alter 
program parameters until he arrives at an output form. This form displays the resulting 
operating costs, including a graphical breakdown of each cost as a percentage of total 
costs. At any point in this process, the user can return to the Main window by clicking 
“quit.” This output can also be printed.  
After the Main window, the first page the user sees is the Parameter Menu 
window which is labeled “Inputs” and can be seen in Figure 26. In this window, the user 
is able to change parameters relating to the economic climate as a whole, for example, 
fuel prices or interest rates. This does not involve parameters related to a specific vehicle 
or vehicle class or fleet composition; that is presented to the user in a later screen.  
 
 
Figure 26: Vcost Model Parameters (Inputs) Main Menu 
Clicking “Next” presents the user with the choice to examine the output for a 
representative vehicle or representative vehicle class, or look at fleet output. This can be 
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seen in Figure 27.  The first option allows the user to look at just a representative vehicle 
class, such as mid-sized cars, or just a representative vehicle, such as a Honda Accord. 
The second option examines the average per-vehicle operational cost of a fleet of 
vehicles, where the fleet can either be the default Texas fleet or a user-specified fleet. 
 
Figure 27: Menu to Choose Fleet or Representative Vehicle Output 
 
If the user chose the first menu option (“representative vehicle or class”), the user 
will be presented with the Representative Vehicle Menu window (Figure 28).  
 
 
Figure 28: Representative Vehicle Menu 
 
This window contains three drop-down lists by which the user can specify the 
representative vehicle or class of interest. Figure 29 shows a selection of a car that is 
compact and is a Honda Civic.  
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Figure 29: Representative Vehicle Menu Selection 
The Inputs button opens the Representative Vehicle Parameters window, 
which allows the user to view and change parameters related to the selected 
representative vehicle or class. The screen that the user will be presented with can be seen 
in Figure 30.  
 
Figure 30: Representative Vehicle Parameters 
 
The Representative Vehicle Parameters window allows the user to view and 
change parameters relating to a specific representative vehicle or vehicle subclass. As can 
be seen, the user can change the vehicle value, fuel economy, and repair components by 
entering in new data in the white boxes and clicking OK.  
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The Representative Vehicle Output window displays the operating costs 
associated with the selected representative vehicle or vehicle class. For each vehicle and 
vehicle class, costs are calculated for vehicles aged from 1-20 years. The default display 
is a weighted average that represents a typical age distribution of vehicles. The user may 
select any age and view the cost associated with that age of vehicle. Figure 31 shows 
output per mile for the Honda Civic at year 2 of age.  
 
 
Figure 31: Output from Representative Vehicle Inputs 
 
If the user chose the second menu option (“fleet of vehicles”), the user will be 
presented with the Fleet Composition window, which will present the default fleet 
composition. The user can choose to change the fleet composition by entering a new 
composition and clicking ‘OK’. The fleet composition window can be seen in Figure 32. 
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Figure 32: Fleet Composition Window 
 
The fleet composition is represented by the percentage of each vehicle class in 
each category; these percentages are shown in the white boxes by each category name. 
Note that these entries are not the absolute number of vehicles in each category. For 
example, a fleet is composed of 13% HDVs and 87% LDVs. Of the LDVs, 40% are 
sedans, 30% are pickups, and 30% are SUVs. Of the sedans, 25% are compact, 45% are 
mid-size, and 30% are large.  
Once an acceptable fleet composition has been made, the user clicks ‘OK’ to 
proceed to the Fleet Output window. This can be seen in Figure 33. The Fleet Output 
Window displays the operating costs associated with the fleet of vehicles chosen. It 
represents the average operating cost for one vehicle of the fleet. This is found by taking 
a weighted average of the costs associated with each representative vehicle class. To get 
the total operating cost of the fleet, the user can multiply the results by the number of 
vehicles in the modeled fleet. The results can be shown either per year or per mile, and 
the user has the option to pick a traffic condition. There are three traffic conditions 
currently modeled: free flow, moderate congestion, and heavy congestion. 
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Figure 33: Fleet Output Window 
SUMMARY 
This chapter summarized the basic program flow for the Vcost model. It enables a 
user to understand the program, the basic data for determining the cost relationships 
reported in the output and how Vcost estimates can be made for future Texas fleet 
compositions. Further refinements are proposed for the basic model following testing 
within TxDOT Divisions and incorporating new enhancements to estimate fuel 
consumption of a variety of hybrid vehicles forecasted to be in use within the next 
decade. 
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7 SUMMARY, VALIDATION, AND APPLICATIONS 
 
Analysis of Texas fleet characteristics and national car sales trends allowed the 
construction of a representative fleet of Texas vehicles.  The fleet is defined by the 
proportions of each vehicle class comprising that fleet.  Each vehicle class (or subclass) is 
then defined by a weighted average of a few representative vehicles belonging to that 
class (or subclass) as well as the age distribution of the vehicles.  Thus, a fleet is 
ultimately characterized by the vehicle models comprising the fleet and the age of these 
vehicles.  Correspondingly, Vcost relations were developed for each representative 
vehicle as a function of that vehicle’s age.  The fleet operating cost in aggregate is found 
as a weighted sum of the costs of its representative vehicles. 
 
 
7.1  Validation of Results and Comparison to the Literature 
The Vcost model developed by the author can display the costs associated with a 
fleet, a vehicle subclass, or a representative vehicle.  These outputs are now compared to 
estimated costs from other sources.   
 
7.1.1 HEAVY-DUTY TRUCKS 
The Vcost model results for Class 9 trucks was presented to several fleet operators 
(including HEB and Landstar) who verified that the costs were consistent with what they 
experience.  Additionally, the results were compared to those of several other studies: 
(Table 11 )  Most of the cost deviation between the author’s Vcost model results and 
those of other studies can be attributed to increases in fuel cost.   
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Table 11: Comparison of the Author's Vcost Model Output to Other Estimates for FHWA Class 9 Freight 
Trucks.  Costs are in Dollars per Mile. 
Vcost Model Depreciation Finance Insurance 
Other 
Fixed 
Costs Fuel 
Maintenance 
& Repair 
(Incl. Tires) Tires 
Total 
Cost 
Total 
Marginal 
Costs 
Fleet Truck 0.095 0.000 0.030 0.023 0.485 0.135 2.600 0.793 0.620 
Owner-Operated 
Truck 0.095 0.020 0.055 0.024 0.516 0.161 N/A 0.870 0.677 
Other Estimates                   
Barnes 
Langworthy 2003 0.080 N/A N/A N/A 0.214 0.140 3.500 N/A 0.434 
Volvo 2000 N/A N/A N/A N/A 0.208 0.092 2.100 0.640 N/A 
Berwick 1997  N/A N/A 0.070 0.030 0.190 0.140 0.040 N/A 0.620 
 
7.1.2 LIGHT-DUTY VEHICLES 
 
Various Vcost estimates exist for light-duty vehicles, as outlined Chapter 2.  
Output from the author’s Vcost model was compared to other Vcost estimates for light-
duty vehicles.  The AAA Publication “Your Driving Costs” calculates costs based on the 
vehicle class.  The costs from the 2008 AAA cost estimates for compact cars are shown 
compared to the author’s Vcost model results for compact cars in Table 12. 
 
Table 12: Per-Mile Costs for a Compact Car Driven 10,000 Miles/Year.  Comparison of Author's Vcost Model 
Results and 2008 AAA "Your Driving Costs" Publication.  Costs are in Cents per Mile. 
 
Depreciation Finance Insurance 
License, 
registration, 
taxes Fuel 
Mainten
ance  & 
repair Total 
AAA- Small Sedan 23.32 5.41 9.49 4.10 9.39 4.53 56.24 
Vcost Model- average 
over all ages 9.32 1.09 9.18 1.67 10.30 3.48 35.05 
Vcost Model- 1st 5 
years 14.42 2.36 9.18 2.97 10.30 1.97 41.20 
 
Since the Intellichoice.com and Consumer Reports Magazine vehicle cost 
estimates are calculated for each vehicle model, rather than for a vehicle class, the 
estimates were compared for the Toyota Corolla (Table 13).  It should be noted that the 
Intellichoice.com cost estimated were based on a 14,000 miles/year utilization, while the 
Consumer Reports and Vcost model estimates were calculated based on 12,000 
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miles/year.  The gasoline prices used in the Intellichoice.com, Consumer Reports, AAA, 
and Vcost estimates were within 25 cents of the average value. 
 
Table 13: Toyota Corolla: Comparison of per-Mile Costs for First Five Years of Operation.  Costs are in Cents 
per Mile. 
 
Depreciation Finance Insurance 
Other 
Fixed Costs Fuel  
Maintenance 
& repair Total 
Intellichoice 8.44 3.48 8.92 0.45 10.31 3.13 34.73 
Consumer Reports 17.50 5.00 8.75 1.50 12.08 2.17 47.00 
Vcost Model 13.13 2.15 7.65 2.15 9.10 2.17 36.35 
 
Differences in the costs between the Vcost model outputs and other estimates can 
be attributed to differences in the methodology by which the costs are calculated.  The 
largest difference between costs estimates can be seen in the depreciation.  Consumer 
Reports and AAA, who show the highest depreciation costs, calculate the depreciation 
from the difference between the new vehicle price and the trade-in value after five years 
of ownership. The AAA depreciation cost is also higher due to having the lowest yearly 
utilization (The AAA depreciation cost for a 15,000 miles/year utilization is 15.5 
cents/mile).  The Intellichoice.com depreciation cost is calculated in a similar way, but 
instead of trade-in value uses the private party value (the value of the vehicle in a private 
party sale as opposed to a trade-in at a dealership).  The trade-in value of a vehicle is 
typically substantially less than the market price or private party value, which accounts 
for the differences between high and low estimates for depreciation.  The Vcost model 
depreciation estimate falls in the mid range of the cost estimates.   
 Another deviation is in the financing cost.  All the estimates used different values 
for loan term, percent down, and interest rate.  The Vcost model used values from the 
National Auto Dealers’ Association (NADA) annual report for its default values.  The 
reason the author’s Vcost model finance cost is substantially lower than that of the other 
models is that the Vcost model treats only a percentage of purchased vehicles as 
financed, while all the other models assume that all new vehicle purchases are financed.  
Sources estimate that from 66% to 73% of new vehicle purchases are financed.   
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 There was a large variation in the estimates for fixed costs.  This is primarily due 
to the fact that the estimates looked at different costs within this category.  While the 
AAA cost estimate looked at costs due to licensing, registration, and taxes; the Consumer 
Reports cost estimate only took into account sales tax; and the Intellichoice.com cost 
estimate only looked at state title and registration fees.  The author’s Vcost model and 
AAA cost estimate differ due to the fact that the former applies to Texas and the latter is 
national.  States differences in vehicle sales tax, registration fees, and the like account for 
the difference between these two cost estimates.   
 Repair cost estimates showed some variation.  Estimates from AAA and 
Intellichoice.com find the repair cost as the estimated cost of the first five years of 
maintenance combined with the cost of a 5 year warranty.  Since warranty sales are 
typically profit-driven, this overestimates the actual cost to repair and maintain the 
vehicles.  Both the author’s Vcost model and the  Consumer Reports operating cost 
estimate based the repair and maintenance cost on Consumer Report’s Annual Car 
Reliability Survey, which explains why their repair costs match.   
 The above cost estimates were compared for the first five years of the vehicle’s 
life, as that is the scope of most LDV cost estimates.  (The Consumer Reports estimate 
shows costs for up to eight years of the vehicle’s life).  The Vcost study conducted for the 
Minnesota Department of Transportation (MnDOT) by Gary Barnes and Peter 
Langworthy instead looks at the lifecycle cost of vehicles.  In this study, only the 
marginal costs of operation were examined. The results from this study are compared to 
those from the author’s Vcost model in Table 14. 
 
Table 14: All Cars: Comparison of Variable Costs Between Barnes' Technical Report to the MnDOT and the 
Author's Vcost Model.  Costs are in Cents per Mile. 
  
Depreciation due 
to mileage Fuel 
Maintenace 
& Repair Total 
MnDOT: Baseline 6.2 5 4.1 15.3 
MnDOT: city 7.4 7 4.7 19.1 
MnDot: Composite  6.86 6.1 4.43 17.39 
Vcost Model N/A 9.8 4.42 14.22 
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The largest difference can be seen in the fuel cost, which is due to much higher fuel 
prices in the Vcost model calculation compared to the 2003 estimate by Barnes.  Barnes’ 
model calculates a mileage-based depreciation that represents the component of 
depreciation resulting from increased mileage; it is not the overall depreciation cost 
divided by mileage.  The estimates for repair costs are very close between the two 
models.   
 An important note to make in reviewing these cost comparisons is the cost 
differences when looking at the first five years of a vehicle’s life versus looking at the 
cost from a weighted average of all vehicle ages.  As mentioned before, the weighting for 
all ages was found by multiplying the proportion of vehicles of each age as found from 
VTR records by the average utilization for vehicles of that age, and normalizing.  This 
averaged value gives a much more accurate representation of the vehicle that is seen on 
the road; the average age of a vehicle has been estimated as between 7.5 and 9.2 years. 
As can be seen in Figure 34, 50% of cars on the road are over five years of age- the cut-
off for most other LDV cost estimates.    
 
 
Figure 34: Distribution of Car Registrations/Roadshare with Age.  From August 2008 VTR records. 
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It is important to take these demographics into account as the costs of operating a vehicle 
change substantially over a vehicle’s lifetime (Figure 35).   
 
Figure 35: Operating Costs by Year of Operation, for Compact Cars.  Costs are Calculated from the Author's 
Vcost Model with a Utilization of 12,000 Miles/Year Throughout the Vehicle Life, with a Gasoline Price of $2.90.  
Does Not Take into Account Decreasing Utilization. 
 
As a vehicle ages, the depreciation cost decreases, the finance cost disappears, 
and the maintenance and repair cost increases.  This picture changes further if one takes 
into account the decreasing utilization as a vehicle ages (Figure 36).  Since utilization 
declines with vehicle age, this results in the fixed costs becoming magnified towards the 
end of the vehicle’s life. 
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Figure 36: Operating Costs by Year of Operation, for Compact Cars.  Costs are Calculated from the Author's 
Vcost Model Throughout the Vehicle Life, with a Gasoline Price of $2.90. Takes into Account Decreasing 
Utilization for Older Vehicles. 
 
7.1.3 SUMMARY OF VALIDATION COMPARISONS 
Comparisons between the author’s Vcost model output and other Vcost estimates 
show that the model’s outputs are in line with expected results.  Deviations between the 
Vcost model’s outputs in certain categories can be explained by changing conditions, 
such as gasoline price, and different methodologies and assumptions for computing costs.  
It should be noted that if the user of the Vcost model favors the methodologies and/or 
assumptions used in other models, the Vcost model’s cost calculations can easily be 
changed to be more in line with those assumptions.  For example, the financing 
parameters in the model can be set in the model’s user interface to show that 100% of car 
purchases are financed, and for the interest rate, loan term, and percent down desired by 
the user.  The author’s Vcost model also differs in scope from most models, focusing 
more on cost associated with the entire lifecycle of a vehicle rather than those of just the 
first few years.   
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7.2   Possible Applications 
 
There are many ways in which this Vcost model could benefit TxDOT’s 
transportation planning.  One significant example is cost-benefit analysis of a proposed 
transportation implementation.  For example, for a given fleet, the Vcost model would 
show that a congested corridor would incur increased per-mile fuel costs over a free-flow 
corridor.  These costs could supplement the current cost-benefit analysis, which typically 
only consider time costs.   
Another application of the Vcost model involves utilization pricing for transportation 
infrastructure.  For example, consider a newly constructed toll road which bypasses a 
highly congested transportation corridor. Traffic on the bypass toll road, while traveling a 
longer distance than the congested corridor, incurs significantly lower per-mile cost due 
to the free-flow traffic conditions.  In order to encourage freight trucks to route along the 
bypass, the utilization price (or toll) must be developed in such a way that the freight 
trucks still reap a cost savings.  The Vcost model can be configured to output the 
congested and free-flow costs per mile.  Each cost would then be multiplied by the length 
of the route.  The utilization price must then be smaller than the difference between these 
two costs to provide an economic incentive for freight traffic to bypass the congested 
corridor.  This sort of analysis could also be of use for pricing the lane rental charge 
developed for use with road construction contractors. 
The Vcost model also has potential to aid revenue forecasting.  The state fuel tax 
provides funding for building and maintaining Texas’ transportation infrastructure.  By 
building a rigorously-researched representative fleet of Texas vehicles, most of the work 
has already been accomplished.   
Optionally, the utilization of both light-duty and heavy-duty vehicles can be 
changed to be more in line with any new vehicle miles traveled (VMT) estimates for 
Texan vehicles.  The Vcost model then calculates the fleet’s average fuel cost.  Fuel 
consumption can be found from this value, and multiplied by the fuel tax.  This could be 
done separately for LDVs and HDVs so as not to confuse diesel and gasoline 
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consumption. This could be desirable as the tax rate for transit companies, who constitute 
the bulk of HDV traffic, is reduced to one cent.  Alternatively, the gasoline and diesel 
prices in the Model Parameters Main Window can be set to their respective fuel taxes, 
and the “fuel cost” output would instead give the “fuel tax revenue” estimate.  This 
averaged output should then be multiplied by the number of vehicles operating in Texas 
to produce the estimated fuel tax revenue.   
 The Vcost model could also be used to make purchasing decisions for the fleet of 
state owned vehicles.  Known parameters relevant to the purchaser’s operation, such as 
the typical yearly utilization, can be input into the model.  Initially, representative 
vehicles in the model could be analyzed for the long-term costs of ownership.  Additional 
vehicles models could then be input into the Vcost model in the “Representative Vehicle 
Parameters” window and the costs analyzed.  These calculations could also be used when 
coming to a determination of when to retire vehicles.   
 
7.3   Summary 
The author has developed a Vcost model for use in TxDOT’s transportation planning 
and analysis.  This model provides an updated model of operating costs more in line with 
than the modern technological and economic climate than many of the older Vcost 
models currently used in transportation planning.  This research included a rigorous 
analysis of the fleet of Texas vehicles; using data from the VTR database, WIM sensors, 
traffic surveys, and national automobile sales data.  Costs were determined utilizing a 
review of literature and trade publications, as well as surveys of fleet operators.  This 
model was packaged into a Windows-environment program to allow the user ease and 
flexibility in examining the operating costs of representative vehicles or fleets.  The 
program allows the user the ability to change almost every parameter involved in the 
model calculations; from fleet composition; to representative fleet parameters such as 
vehicle price, fuel economy, or repair cost; to general economic parameters, such as fuel 
prices, interest rates, and depreciation rates.  The model’s outputs were validated by 
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comparison to other Vcost models and by meeting with large fleet operators, who 
confirmed the costs were in line with their internal, proprietary operating cost records.   
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APPENDICES 
Appendix A: VTR Memo  
From: Rob Harrison  
 
To: Don Lewis - TxDOT 
 
Date: June 30, 2008 
 
Re:  VTR Database Query Items 
 
________________________________________________________________________ 
Introduction/Summary 
 
This is an explanation of the VTR data base pulls we request for our research for TxDOT 
on vehicle operating costs (VOCs). We are using the data to get a representative view of 
what types of vehicles Texans own and in what proportion, so that we can develop a 
representative fleet operating on Texas roads.  
 
We will be using this data in conjunction with traffic survey data such as Weigh-in-
Motion (WIM). While WIM can give us data on the number of vehicles of different 
weights currently traveling on the roads, only VTR can provide information such as ages 
and makes of the vehicles, and differentiation of smaller vehicles into classes (compact 
sedans, midsize SUV’s, etc). This information is essential to correctly estimating vehicle 
operating costs, as different sized vehicles have different costs (such as fuel consumption, 
for example). Likewise, the costs of vehicles of different ages are much different; an 
older vehicle has much higher repair cost and typically higher fuel consumption, while it 
has a much lower depreciation cost and little-to-no finance cost.  
 
In addition to predicting VOCs for the current Texas fleet, this information will help with 
forecasting future scenarios: for example, what happens if the current trend of people 
trading in older trucks for new, compact cars continues, or what happens if hybrid 
adoption rises to 10% of the vehicle fleet. This will allow TxDOT to not just model the 
current situation, but flexibly respond to near- and long-term trends in transportation. 
 
Listed below are our first requests for data pulls from the VTR database. The data can be 
in any format of spreadsheet or document that lists the requested data in columns- the 
example tables presented here are just for explanatory purposes.  
Succinct statements of our query statements are put in bullet form and in maroon text for 
readability. 
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VTR Queries: 
 
1) Vehicle Age Distribution 
Knowing the age distribution of the vehicle fleet is necessary to calculating costs. 
We will adjust the age distribution by a utilization factor to account for lower 
usage of older cars. 
 Under the categories (VEHCLASSCD) of Passenger Car (PASS), we 
would like the number of vehicles currently registered for each model 
year, going back 20 years. We also, would like the total number of 
vehicles older than 20 years (not broken down into any categories just the 
total number). 
 Under the categories (VEHCLASSCD) of Passenger Truck (PASS-
TRK), we would like the number of vehicles currently registered for each 
model year, going back 20 years. For the Passenger truck category, we’d 
like the passenger truck class further split along the PICKUP,SUV, and 
VAN designations outlined in Figure A2 (Appendix). Also, we would like 
the total number of vehicles older than 20 years (not broken down into any 
categories just the total number). 
Table 1 below shows an example of what this could look like. 
Table A.1 Example table of data needed on model year distribution for passenger 
cars. We need a similar breakdown for passenger trucks. 
Passenger 
Cars        
                
model year <1988 1989 1990 1991 1992 1993 1994 
# vehicles               
                
model year 1995 1996 1997 1998 1999 2000 2001 
# vehicles               
                
model year 2002 2003 2004 2005 2006 2007 2008 
# vehicles               
 
2) Vehicle Class/Body/Year/(Make?)  
 
The cost of operating a vehicle depends not just on the year but also on the body 
class of vehicle: for example, a sedan has a lower overall operating cost than a 
sport-type small vehicle (like a convertible or coupe). Likewise, pickups, 
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minivans, and SUVs also differ. For this reason, the passenger car and passenger 
truck data is split up by body type (VEHBDYTYPE) (Figures A1, A2, and A3 in 
Appendix). 
 
The vehicles within these categories are further subdivided by size: for example, a 
compact car such as the Yaris has a much lower operational expense and overall 
fuel consumption compared to a large sedan such as a Crown Victoria. There is 
no category know to us in the VTR database that differentiates on vehicles size 
classifications (compact, midsize, etc). EPA classifications are assigned based on 
interior volume, which is not collected in the VTR database. We instead will 
differentiate roughly between vehicle size classifications by the weight of the 
vehicle. If necessary, we can convert this into gross weight by adding a weight 
value to represent passengers, their cargo, and a full fuel tank. Weight ranges have 
been determined for each vehicle size class (shown in table A2, Appendix).  
 
This data could also be broken down by make if time permits this level of 
differentiation. 
 
 Under the Passenger Car class type, we need the number of currently 
registered vehicles for each permutation of Body Type (Figure 1, 
Appendix), Weight Category (Table 2, Appendix), and Model Year.  
 Under the Passenger Truck class type, we need the number of currently 
registered vehicles for each permutation of Body Type (Figure 2, 
Appendix), Weight Category (Table 2, Appendix), and Model Year.  
 
Tables A2 and A3 below are an example of what this could look like. 
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Table A.2: Example table of data needed on Class/Body/Weight/Model Year 
breakdown for passenger cars 
Passenger 
car   
No. Vehicles Currently 
Registered    
   Model Year           
VTR Class 
Type VTR Body Type 
Weig
ht 
Range <1988 
198
8 
198
9 … 
200
6 
200
7 
200
8 
Passenger 
car SEDAN Wc               
    Wm               
    Wl               
  SPORT Wc               
    Wm               
    Wl               
  
STATION 
WAGON Wc               
    Wm               
    Wl               
Table A.3: Example of Class/Body/Weight/Model Year breakdown for passenger 
trucks 
Passenger truck  
No. Vehicles Currently 
Registered    
   Model Year           
VTR Class 
Type 
VTR 
Body 
Type 
Weig
ht 
Range 
<198
8 1988 
198
9 … 
200
6 
200
7 
200
8 
Passenger 
truck PICKUP Wct               
    Wlt               
  SUV Wcs               
    Wms               
    Wls               
  VAN Wcv               
    Wlv               
 
3) Vehicle Make 
The makes we are interested in are outlined in Figure A4 (Appendix). Knowing 
the vehicle makes will allow us to approximate the % of luxury cars, which have a much 
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higher operating cost. It will also allow us to adjust for make-specific trends, such as 
decreased maintenance or higher depreciation. 
 For Passenger Cars, we wish to know the # of vehicles currently registered 
for each make. 
 For Passenger Trucks, for each Body Type (PICKUP/SUV/VAN), we 
wish to know the # of vehicles currently registered for each make. 
If time permits this information could be also broken up by model year. 
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Memo  
 
Passenger Cars (PASS)   
      
SEDAN     
2D 2-Door Sedan   
4D 4-Door Sedan   
2H 2-Door Hatchback   
4H 4-Door Hatchback   
SD 3-Door Sedan/ 5-Door Sedan/ Notchback   
HB Hatchback/Liftback   
      
STATION WAGON   
SW Station Wagon   
VT Vanette   
      
SPORT     
CP Coupe   
CV Convertible   
RD Roadster   
      
Figure A4: Body categories for passenger cars, by VEHBDYTYPE code 
Passenger Trucks (PASS-TRK)   
      
PICKUPS     
PK Pickup   
      
SUV     
LL Suburban/SUV   
HB Hatchback/Liftback   
4H 4-Door Hatchback   
      
VAN     
VN Van/minivan   
VT Vanette   
      
Figure A5: Body categories for passenger trucks, by VEHBDYTYPE code 
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Motorcycles & Mopeds (MTRCYCLE, MOPED) 
      
2-WHEELERS   
MC Motorcycle   
MD Moped   
MS Motor scooter   
      
Figure A6: Body categories for motorized bikes, by VEHBDYTYPE code 
 
Table A5: Weight range descriptions (updated) 
 
 
CURB WEIGHT (GROSS WEIGHT FOR 
PICKUPS) 
  
Weight range 
Description 
minimum 
weight 
maximum 
weight 
Wc Compact car 2200 3099 
Wm Midsize car 3100 3499 
Wl Large car 3500 4500 
Wct Compact truck (GVW) <4499 4499 
Wlt Large truck (GVW) 4500 6500 
Wcs 
Midsize/Small 
Crossovers 3100 4299 
Wms Intermediate SUV 4300 5299 
Wls Large SUV 5300 6500 
Wcv Compact van (minivan) <4999 4999 
Wlv 
Large Van (standard 
van) 5000 6500 
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Vehicle Makes (For passenger car and passenger truck categories)     
                
Normal   
# 
Cars   Luxury/Near Luxury # Cars   
Buick BUIC     Acura ACUR     
Chevrolet CHEV     Audi AUDI     
Chrysler CHRY     BMW BMW     
Dodge DODG     Cadillac CADI     
Ford FORD     Hummer (2003+) HUMM     
Geo GEO     Infiniti INFI     
GMC GMC     Jaguar JAGU     
Honda HOND     Land Rover LNDR     
Hummer 
(<2003)  AMGN     Lincoln LINC     
Hyundai HYUN     Mercedes-Benz MERZ     
Isuzu ISU     Mercury MERC     
Jeep JEEP     Porsche PORS     
Kia KIA     Saab? SAA     
Mazda MAZD     Volvo? VOLV     
Mini MINI             
Mitsubishi MITS     Other   #Cars   
Nissan NISS     Any Other       
Oldsmobile OLDS             
Pontiac PONT             
Saturn STRN             
Scion SCIO             
Subaru SUBA             
Suzuki SUZI             
Toyota TOYT             
Volkswagen VOLK             
                
Figure A7: Vehicle Makes 
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Synopsis of VTR Database Queries: 
1) Vehicle Age Distribution 
a. Passenger Cars 
i. Number vehicles currently registered for each model year category 
(MY less than 1988, MY is 1988, 1989, 1990, …., 2006, 2007, 
2008) 
b. Passenger Trucks 
i. Body type (PICKUP/SUV/VAN) 
1. Number vehicles currently registered for each model year 
category (<1988, 1988, 1989, 1990, …., 2006, 2007, 2008) 
2) Vehicle Body/ Class/Year (Also by make, if time permits) 
a. Passenger Cars 
i. Body Type (2d /4d Sedan, 2d/ 4D hatchback, Coupe, station 
wagon, 3D Sedan/5D Sedan/Notchback, etc). 
1. Weight Class (compact, midsize, large) 
a. Model Year 
b. Passenger Trucks 
i. Body Type (Pickup, SUV/Suburban, …) 
1. Weight Class (compact, large) 
a. Model Year 
3) Vehicle Make 
a. Passenger Cars 
i. Number Vehicles currently registered for each Make 
b. Passenger Trucks 
i. Body type (PICKUP/SUV/VAN) 
1. Number Vehicles currently registered for each Make 
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Appendix B: EPA Classifications 
 
 
Figure B.1: EPA Classifications 
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Figure B.2: EPA Emissions: Heavy-Duty Classifications 
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Figure B.3: EPA Guide to Acronyms and Abbreviations  
Light-Duty Car and Truck Classifications 
Definitions of Vehicle Classifications: 
LDV: All passenger cars 
 
LDT1: Gross Vehicle Weight Rating (GVWR) 0-6000 lb  
Loaded Vehicle Weight (LVW) 0-3750 lb 
 
LDT2: GVWR 0-6000 lb  
LVW 3751-5750 lb 
 
LDT3: GVWR 6001-8500 lb 
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Adjusted Loaded Vehicle Weight (ALVW) 0-5750 lb 
 
LDT4: GVWR 6001-8500 lb 
ALVW 5751-8500 lb 
 
Gross Vehicle Weight Rating (GVWR) is the value specified by the manufacturer 
as the maximum design loaded weight of a single vehicle 
Loaded Vehicle Weight (LVW) is the vehicle curb weight plus 300 lbs: 
LVW=VCW+300 lbs 
Vehicle Curb Weight (VCW) is the weight of the vehicle with all of its tanks full 
and components included but no passenger or luggage (load) adjustments (nothing in it). 
 
Adjusted Loaded Vehicle Weight (ALVW) is the average of the vehicles GVWR 
and the  
Curb Weight. ALVW=(GVWR+VCW)/2 
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Appendix C:  Comparison: Texas6 and FHWA Truck Classification 
Schemes
TEXAS6
Figure C-1: Texas 6 Class 1 — Motorcycles 
and Passenger Vehicles 
 
Figure C-2: Texas 6 Class 2 — 2 Axles, 4-
Tire Single Units 
 
Figure C-3: Texas 6 Class 3 — Buses 
 
FigureC-4: Texas 6 Class 4 — 2D, 6-Tire 
Single Unit (Includes Handicapped-
Equipped and Mini School Buses) 
 
Figure C-5: Texas 6 Class 5 — 3 Axles, 
Single Unit 
FHWA 
 
Figure C-14: FHWA Class 1 — Motorcycles 
 
Figure C-15: FHWA Class 2 — Passenger 
Cars (With 1- or 2-Axle Trailers) 
 
Figure C-16: FHWA Class 3 — 2 Axles, 4-
Tire Single Units, Pickup, or Van (With 1- 
or 
2-Axle Trailers) 
 
Figure C-17: FHWA Class 4 — Buses 
 
Figure C-18: FHWA Class 5 — 2D - 2 
Axles, 6-Tire Single Units (Includes 
Handicapped- 
Equipped Bus and Mini School Bus) 
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Figure C-6: Texas 6 Class 6 — 4 or 
More Axles, Single Unit 
 
 
Figure C-7: Texas 6 Class 7 — 3 Axles, 
Single Trailer 
 
 
Figure C-8: Texas 6 Class 8 — 4 Axles, 
Single Trailer 
 
Figure C1-9: Texas 6 Class 9 — 5 Axles, 
Single Trailer 
 
 
Figure C-10: Texas 6 Class 10 — 6 or 
More Axles, Single Trailer 
 
Figure C-19: FHWA Class 6 — 3 Axles, 
Single Unit 
 
 
Figure C-20: FHWA Class 7 — 4 or 
More Axles, Single Unit 
 
 
Figure C-21: FHWA Class 8 — 3 to 4 
Axles, Single Trailer 
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Figure C-22: FHWA Class 9 — 5 Axles, 
Single Trailer 
 
 
 
 
 
Figure C-11: Texas 6 Class 11 — 5 or 
Less Axles, Multi-Trailers 
 
 
Figure C-12: Texas 6 Class 12 — 6 
Axles, Multi-Trailers 
 
 
Figure C-13: Texas 6 Class 13 — 7 or 
More Axles, Multi-Trailers 
 
 
 
Figure C-23: FHWA Class 10 — 6 or 
More Axles, Single Trailer 
                    
 
Figure C-24: FHWA Class 11 — 5 or 
Less Axles, Multi-Trailers 
 
 
Figure C-25: FHWA Class 12 — 6 
Axles, Multi-Trailers 
 
 
Figure C1-26: FHWA Class 13 — 7 or 
More Axles, Multi-Trailers 
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Appendix D: About VTR Data  
The Texas Vehicles, Titles, and Registrations Department provided data pulled 
from the database of current vehicle registrations as of August 2008. Below is analysis 
resulting from that data.  
The number of actively registered cars, pickups trucks, SUVs, and vans of each 
model year were provided by VTR. The class of a vehicle (e.g. cars, pickups) was 
determined from the body type (VEHBDYTYPE) code in the VTR database, searched 
within the subset of “passenger cars” or “passenger trucks.” For example, cars consisted 
of sedans (VEHBDYTYPES 2D, 4D, 2H, 4H, SD, HB); station wagons 
(VEHBDYTZYPES SW, VT); sport cars (CP, CV, RD); and small crossovers classed as 
passenger cars (rather than passenger trucks) (VEHBDYTYPE LL).  
Each class was further subdivided by weight ranges to delineate compact, 
midsize, and large subclasses (or just compact and large, in the case of pickups). This 
succeeded in dividing the car class into compact, midsize, and large subclasses. This did 
not succeed for the pickup or SUV categories; the database returned a total number of 
weight-categorized vehicles that was substantially smaller than the overall number of 
vehicles in that class. For that reason, the data was thrown out.  
Weight is not used to differential vehicle subclasses in the U.S. DOT 
classification scheme in regards to passenger cars. This is done by interior cargo capacity, 
which was not recorded in the VTR database. If the model of the vehicle were available 
that could be used to extract the subclass, but that information was not available. It was 
determined that using the VIN to lookup the model name posed a privacy concern. 
Because the traditional way of determining vehicle subclass was not available, vehicle 
weight was used. For this, the weight ranges of each subclass needed to be determined. 
This was statistically derived from the weights of vehicle models in each subclass.  
VTR also provided a breakdown of vehicle registrations by make and vehicle 
model year for each of the three major classes examined.  
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Table D.1: Average age of vehicles by registration and by roadshare, registrations 
current as of Aug. 2008 and vehicle model years over 1988 
Average Age 
    
  By Registrations 
By 
Roadshare 
Car  7.52 6.35 
Compact 7.99 6.64 
Midsize 7.37 6.33 
Large 7.40 6.17 
Truck 7.15 6.11 
Pickup 7.73 6.55 
SUV 5.79 5.14 
Van 7.98 6.87 
Total 7.37 6.25 
  
Table D.2: Fleet Distribution from VTR Data 
Veh Type 
Roadshare 
(billon miles) % of Group % of Total 
Registrations 
(Millions) % of Group % of Total 
Car 103.5   57% 9.5   58% 
Car* 85.3     7.8     
Compact 23.0 27% 15% 2.2 28% 16% 
Midsize 32.4 38% 22% 2.9 38% 22% 
Large 29.9 35% 20% 2.7 35% 20% 
Truck 77.2   43% 7.0   42% 
Pickup 48.5 63% 27% 4.5 65% 27% 
SUV 24.9 32% 14% 2.1 30% 13% 
Van 3.8 5% 2% 0.4 5% 2% 
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Figure D.1: Breakdown of VTR registrations by class, for cars actively registered as of 
August 2008. 
 
 
Figure D.2: Car registrations by model year, 1998-August 2008 
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Figure D.3: Pickup registrations by model year, as of August 2008 
 
 
Figure D.4: SUV  Registrations by model year, as of August 2008 
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Figure D.5: Van Registrations by model year, as of August 2008 
 
 
Figure D.6: Car registrations by body style, by model year, from 1998- 
August 2008 
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Figure D.7: Car body style registrations as a percentage of total car registration, 
by model year, from 1998- Aug. 2008. 
 
Figure D.8: Car registrations by subclass, per model year, from 1998- 
Aug. 2008 
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Figure D.9: Cumulative distribution of car registrations/roadshare with age.   
 
Figure D.10: Percent breakdown by class for registrations, by model year, 
from 1998- Aug. 2008 
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Appendix E: Automotive News Sales Data 
In order to build an informed picture of the current vehicle fleet, as well as 
ongoing trends, we looked at sales histories of vehicles. Specifically, we looked at 
Automotive News’ databases of Automobile Sales by Nameplate for the U.S. for years 
2002, 2003, 2004, 2005, and Jan-Jun 2007 and 2008. These results were given in terms of 
light cars and light trucks.  
These vehicles were divided into our subcategories for compact, midsize, and 
large sub categories. We did not look at data for luxury vehicles or sports cars, as the 
objective was to find the most commonly driven vehicles.  
This data was used to find the most commonly driven vehicles in a particular 
category, which were used to define the representative vehicles for that class.  
An interesting phenomenon is the increasing popularity of “crossover” vehicles, 
which have shown a tendency to blend the line between cars and trucks. For example, a 
vehicle that fills much the same role as a station wagon and may only have a slightly 
larger footprint is classes as a compact SUV rather than a car. The crossovers also weight 
the SUV spectrum more towards the compact and midsize SUVs, which likely 
contributes to the trend wherein the proportion of compact SUVs to overall SUV sales 
rises from 2004-2008. 
Overview 
Table E.1: Vehicle Sales by Classes 2002-2008 
All 2002 2003 2004 2005 2007 2008 Average 
Cars 56.30% 53.29% 48.27% 49.57% 55.30% 60.07% 54% 
SUVs 22.98% 24.95% 28.01% 26.87% 25.79% 23.84% 25% 
Pickups 20.72% 21.76% 23.71% 23.56% 18.91% 16.09% 21% 
        
Cars 2002 2003 2004 2005 2007 2008 Average 
Compact 42.96% 43.53% 40.35% 39.29% 39.28% 42.40% 41% 
Midsize 38.06% 36.96% 38.90% 39.39% 42.16% 43.33% 40% 
Large 18.98% 19.51% 20.76% 21.32% 18.55% 14.27% 19% 
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SUVs 2002 2003 2004 2005 2007 2008 Average 
Compact 30.98% 30.61% 29.85% 35.96% 43.62% 48.56% 37% 
Midsize 42.34% 44.72% 47.93% 45.40% 40.49% 37.81% 43% 
Large 26.68% 24.67% 22.22% 18.64% 15.89% 13.62% 20% 
                
Pickups 2002 2003 2004 2005 2007 2008 Average 
Compact 24.30% 23.82% 24.09% 23.94% 20.21% 21.70% 23% 
Large 75.70% 76.18% 75.91% 76.06% 79.79% 78.30% 77% 
 
 
Table E.2: Representative Vehicles 
Representative Vehicles     
Compact Car Toyota Corolla Honda Civic Ford Focus 
Midsize Car Toyota Camry Honda Accord Chevrolet Malibu 
Large Car For Taurus Chevy Impala Hyundai Sonata 
        
Compact SUV Jeep Liberty Ford Escape Honda CR-V 
Midsize SUV Ford Explorer 
Jeep Grand 
Cherokee Chevy Trailblazer 
Large SUV Chevy Tahoe For Expedition GMC Yukon 
        
Compact Truck 
Toyota 
Tacoma Ford Ranger Chevy Colorado 
Large Truck Ford F Series Chevy Silverado Dodge Ram 
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Figure E.37: Automotive Sales by Class 
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Figure E.38: Car Sales by Subclass 
 
 
Figure E.39: Car Sales by Subclass, including Luxury and Near-Luxury category and 
Sports category 
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Figure E.40: Compact Car Sales by Model Nameplate 
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Figure E.41: Compact Car Sales by Model Nameplate, Showing Only Models that 
Comprised 1% or More of Average Percent Yearly Sales over 2002-2008. 
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Figure E.42: Compact Car Sales by Make 
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Table E.3 Percent of Yearly Compact Sales by Make and Model 
Compact Cars Percent of yearly compact car sales       
Make Model 2002% 2003% 2004% 2005% 2007% 2008% Average 
Mini Mini Cooper 0.9 1.4 1.5 1.7 1.6 1.9 1.5% 
Daewoo Lanos 0.3 0.0 0.0 0.0 0.0 0.0 0.0% 
Daewoo Nubira 0.3 0.0 0.0 0.0 0.0 0.0 0.1% 
Chrysler PT Cruiser 5.0 4.1 4.8 5.5 4.2 2.4 4.3% 
Smart ForTwo 0.0 0.0 0.0 0.0 0.0 0.8 0.1% 
Dodge Neon 4.6 4.5 4.7 4.6 0.0 0.0 3.1% 
Ford Escort 1.9 1.0 0.0 0.0 0.0 0.0 0.5% 
Ford Focus 8.8 8.7 8.5 7.5 7.6 8.9 8.3% 
Chevrolet Aveo 0.0 0.2 2.3 2.8 2.4 2.2 1.7% 
Chevrolet Cavalier 8.6 9.7 8.0 0.8 0.0 0.0 4.5% 
Chevrolet Prizm 0.5 0.0 0.0 0.0 0.0 0.0 0.1% 
Chevrolet Cobalt 0.0 0.0 0.2 8.7 7.6 8.2 4.1% 
Oldsmobile Alero 3.4 3.8 0.8 0.1 0.0 0.0 1.3% 
Pontiac Grand Am 5.4 5.9 5.5 1.3 0.0 0.0 3.0% 
Pontiac Sunfire 2.3 1.7 1.5 1.0 0.0 0.0 1.1% 
Pontiac G5 0.0 0.0 0.0 0.0 1.0 0.9 0.3% 
Pontiac Vibe 1.4 2.2 2.4 2.6 1.4 1.6 1.9% 
Saturn Astra 0.0 0.0 0.0 0.0 0.0 0.3 0.1% 
Saturn Ion 0.2 4.4 4.3 4.1 2.2 0.0 2.5% 
Saturn S series 4.2 0.3 0.0 0.0 0.0 0.0 0.8% 
Honda Civic 11.3 11.4 11.6 11.5 13.7 14.8 12.4% 
Honda Civic Hybrid 0.0 0.0 1.0 1.1 0.0 0.0 0.4% 
Honda Fit 0.0 0.0 0.0 0.0 1.9 2.9 0.8% 
Honda Insight  0.1 0.0 0.0 0.0 0.0 0.0 0.0% 
Hyundai Accent  2.6 2.1 1.8 1.7 1.5 2.0 1.9% 
Kia Rio 1.8 1.6 1.6 1.2 1.3 1.5 1.5% 
Kia Spectra 2.6 2.4 1.8 2.3 2.9 3.1 2.5% 
Mazda Mazda3  0.0 0.1 3.1 4.0 4.9 4.4 2.8% 
Mazda Protégé 3.0 2.6 0.0 0.0 0.0 0.0 0.9% 
Mitsubishi Lancer I 2.5 1.8 1.7 1.1 1.4 1.2 1.6% 
Mitsubishi Mirage I 0.2 0.0 0.0 0.0 0.0 0.0 0.0% 
Nissan Sentra 3.8 3.6 4.4 4.9 4.5 4.3 4.2% 
Nissan Versa 0.0 0.0 0.0 0.0 3.0 3.3 1.0% 
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Subaru Impreza 1.4 1.4 1.3 1.4 1.7 1.7 1.5% 
Subaru Legacy 3.1 3.0 3.7 3.6 3.0 2.6 3.2% 
Suzuki Aerio  0.7 0.8 0.4 0.3 0.6 1.3 0.7% 
Suzuki Esteem 0.1 0.0 0.0 0.0 0.0 0.0 0.0% 
Suzuki Forenza/Reno  0.0 0.0 1.0 1.7 1.9 1.0 0.9% 
Scion xA 0.0 0.2 1.0 1.1 0.0 0.0 0.4% 
Scion xB 0.0 0.3 1.9 2.2 1.5 1.9 1.3% 
Scion tC  0.0 0.0 1.2 3.0 2.6 1.7 1.4% 
Scion xD  0.0 0.0 0.0 0.0 0.0 1.2 0.2% 
Toyota Celica 0.0 0.0 0.4 0.1 0.0 0.0 0.1% 
Toyota Corolla 7.4 9.8 9.9 9.4 15.9 14.0 11.1% 
Toyota Echo 1.1 1.0 0.2 0.1 0.0 0.0 0.4% 
Toyota Matrix 2.0 2.6 3.8 4.5 0.0 0.0 2.1% 
Toyota Yaris 0.0 0.0 0.0 0.0 3.7 4.7 1.4% 
Volkswagen Cabrio (Golf) 0.3 0.0 0.0 0.0 0.0 0.0 0.1% 
Volkswagen Golf/GTI 1.1 1.1 0.0 0.0 0.0 0.0 0.4% 
Volkswagen Jetta 5.3 4.5 3.8 4.2 3.9 3.3 4.2% 
Volkswagen New Beetle 1.8 2.2 0.0 0.0 1.2 1.1 1.0% 
Volkswagen Rabbit 0.0 0.0 0.0 0.0 1.0 0.9 0.3% 
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Figure E.43: Midsize Car Sales by Model Nameplate 
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Figure E.44: Midsize Car Sales by Make 
 
Table E.4 Percent of Yearly Midsize Sales by Make and Model 
Midsize Cars 
Percent of yearly midsize car 
sales       
Make Model 2002 2003 2004 2005 2007 2008 Average 
Daewoo Leganza 0.2 0.0 0.0 0.0 0.0 0.0 0.0% 
Chrysler Crossfire  0.0 0.2 0.6 0.6 0.5 0.1 0.3% 
Chrysler Sebring 4.6 4.5 4.4 3.7 3.6 3.4 4.0% 
Dodge Avenger 0.0 0.0 0.0 0.0 3.0 2.9 1.0% 
Dodge Caliber 0.0 0.0 0.0 0.0 4.4 4.2 1.4% 
Dodge Stratus 4.4 4.5 4.2 4.1 0.0 0.0 2.9% 
Ford Fusion 0.0 0.0 0.0 0.7 5.8 6.2 2.1% 
Mercury Milan 0.0 0.0 0.0 0.2 1.5 1.4 0.5% 
Mercury Sable 4.0 2.7 0.0 0.0 0.0 0.0 1.1% 
Buick Century 6.7 4.2 2.9 0.3 0.0 0.0 2.3% 
Buick LaCrosse 0.0 0.0 0.5 3.8 1.7 1.5 1.2% 
Buick Regal 1.7 1.1 0.6 0.0 0.0 0.0 0.6% 
Chevrolet Classic 0.0 2.3 3.8 1.7 0.0 0.0 1.3% 
Chevy HHR 0.0 0.0 0.0 1.7 3.4 3.6 1.4% 
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Chevrolet Malibu 6.9 5.5 7.7 8.3 4.9 6.2 6.6% 
Chevrolet 
Monte 
Carlo 2.6 3.0 2.5 1.4 0.8 0.0 1.7% 
Oldsmobile Aurora 0.4 0.1 0.0 0.0 0.0 0.0 0.1% 
Oldsmobile Intrigue 0.6 0.0 0.0 0.0 0.0 0.0 0.1% 
Pontiac G6 0.0 0.0 0.7 5.1 5.1 6.0 2.8% 
Pontiac Grand Prix 5.3 5.6 5.6 5.0 3.4 0.5 4.2% 
Saturn Aura 0.0 0.0 0.0 0.0 2.0 2.3 0.7% 
Saturn L series 3.3 2.9 0.8 0.2 0.0 0.0 1.2% 
Honda Accord 
16.
3 
17.
7 
16.
5 
14.
3 
13.
4 
14.
5 15.4% 
Honda 
Accord 
Hybrid 0.0 0.0 0.0 0.7 0.0 0.0 0.1% 
Hyundai Elantra  4.9 5.4 4.8 4.7 3.7 4.4 4.6% 
Kia Optima  1.1 1.5 2.3 1.7 1.5 2.0 1.7% 
Mazda 626 1.7 0.1 0.0 0.0 0.0 0.0 0.3% 
Mazda Mazda6 0.1 3.0 3.1 2.9 2.4 2.3 2.3% 
Mitsubishi Diamante  0.6 0.4 0.2 0.0 0.0 0.0 0.2% 
Mitsubishi Galant 4.0 2.9 1.9 1.4 1.0 0.9 2.0% 
Nissan Altima 8.2 9.0 
10.
0 
10.
4 
10.
3 
11.
1 9.8% 
Nissan Maxima 4.0 3.9 3.2 3.1 1.9 1.5 2.9% 
Suzuki Verona  0.0 0.1 0.5 0.3 0.0 0.0 0.2% 
Toyota Camry 
17.
7 
18.
4 
18.
2 
17.
5 
17.
6 
16.
9 17.7% 
Toyota Prius 0.8 1.1 2.3 4.4 6.9 6.4 3.7% 
Volkswagen Passat 0.0 0.0 2.9 2.0 1.4 1.4 1.3% 
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Large Cars 
 
Figure E.45: Large Car Sales by Model Nameplate 
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Figure E.46: Large Car Sales by Make 
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Table E.5: Percent of Yearly Large Car Sales by Make and Model 
Large 
Car   
Percent of yearly large car 
sales       
Make Model 2002 2003 2004 2005 2007 2008 Average 
Chrysler Concorde 2.6 2.4 0.3 0.0 0.0 0.0 0.9% 
Chrysler 300M 2.6 2.1 9.0 
10.
8 
10.
5 8.6 7.3% 
Dodge Charger 0.0 0.0 0.0 3.4 
11.
0 
12.
5 4.5% 
Dodge Intrepid 9.1 6.5 0.6 0.0 0.0 0.0 2.7% 
Dodge Magnum 0.0 0.0 3.1 3.9 2.7 1.3 1.8% 
Ford 
Crown 
Victoria 6.5 6.6 5.6 4.8 6.0 5.9 5.9% 
Ford 
Five 
Hundred 0.0 0.0 1.1 8.1 0.0 0.0 1.5% 
Ford Taurus 
27.
2 
25.
4 
19.
8 
14.
8 6.0 6.8 16.7% 
Mercury 
Grand 
Marquis 6.6 7.4 6.3 4.9 5.2 3.6 5.6% 
Mercury Montego 0.0 0.0 0.2 2.0 0.0 0.0 0.4% 
Mercury Sable 0.0 0.0 3.4 1.8 1.7 2.0 1.5% 
Buick LeSabre 
11.
1 9.7 9.1 5.7 0.0 0.0 5.9% 
Buick Lucerne 0.0 0.0 0.0 0.7 6.5 5.9 2.2% 
Buick 
Park 
Avenue 2.5 2.3 1.4 0.2 0.0 0.0 1.0% 
Chevrolet Impala 
16.
2 
22.
6 
23.
1 
18.
5 
30.
0 
29.
7 23.4% 
Pontiac Bonneville 3.1 2.1 2.4 0.8 0.0 0.0 1.4% 
Pontiac G8  0.0 0.0 0.0 0.0 0.0 1.3 0.2% 
Hyundai Sonata  5.6 7.0 8.5 9.8 
11.
3 
14.
1 9.4% 
Hyundai XG350  1.4 1.5 1.3 1.3 2.1 2.4 1.7% 
Kia Amanti  0.0 0.1 1.6 1.4 0.7 0.4 0.7% 
Toyota Avalon 5.6 4.3 2.9 7.2 6.2 5.2 5.2% 
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Pickups 
 
Figure E.47: Pickup Sales by Subclass 
 
Compact Pickups 
 
Figure E.48: Compact Truck Sales by Model Nameplate 
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Figure E.49: Compact Pickup Sales by Make 
Table E.6: Percent of Yearly Compact Truck Sales by Make and Model 
Compact Truck 
Percent of yearly compact truck 
sales     
Make Model 2002 2003 2004 2005 2007 2008 Average 
Dodge Dakota 
18.
1 
15.
0 
13.
1 
13.
1 
10.
5 7.6 12.9% 
Ford Ranger 
31.
2 
28.
2 
19.
4 
15.
3 
15.
5 
18.
0 21.3% 
Chevy Colorado/S10 
20.
9 
18.
9 
32.
5 
28.
4 
14.
9 
14.
1 21.6% 
Chevy SSR 0.0 0.0 1.2 1.0 0.0 0.0 0.4% 
GMC 
Canyon/Sonom
a 5.7 4.9 3.8 4.4 4.1 3.8 4.4% 
Honda Ridgeline 0.0 0.0 0.0 5.4 7.9 8.4 3.6% 
Isuzu  Hobmre/i-series 0.0 0.0 0.0 0.1 0.8 1.0 0.3% 
Mazda B series 2.8 2.0 1.3 0.7 0.0 0.0 1.1% 
Mitsubish
i Raider 0.0 0.0 0.0 0.1 0.7 0.5 0.2% 
Nissan Frontier 0.0 8.8 8.8 9.2 
12.
3 
10.
2 8.2% 
Subaru Baja 0.3 1.4 0.9 0.8 0.0 0.0 0.6% 
Toyota Tacoma 
21.
0 
20.
8 
19.
0 
21.
3 
33.
3 
36.
5 25.3% 
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Large Pickups 
 
Figure E.50: Large Pickup Sales by Model Nameplate 
 
Figure E.51: Large Pickup Sales by Make 
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Table E.7: Percent of Yearly Large Truck Sales by Make and Model 
Large Truck 
Percent of yearly large truck 
sales       
Make Model 2002 2003 2004 2005 2007 2008 Average 
Dodge Ram  
17.
6 
18.
9 
16.
8 
15.
9 
16.
9 
15.
5 17.0% 
Ford F series 
36.
1 
35.
6 
37.
0 
35.
9 
32.
4 
33.
1 35.0% 
Chevrolet Avalanche 4.0 3.9 3.2 2.5 2.6 2.2 3.1% 
Chevrolet Silverado 
29.
0 
28.
8 
26.
8 
28.
1 
28.
4 
27.
9 28.2% 
GMC Sierra 9.0 8.3 8.4 9.1 9.1 
10.
0 9.0% 
Nissan Titan 0.0 0.1 3.3 3.5 3.0 2.1 2.0% 
Toyota Tundra 4.4 4.3 4.4 5.0 7.6 9.2 5.8% 
 
 
SUVs 
 
Figure E.52: SUV Sales by Subclass 
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Compact SUVs 
 
Figure E.53: Compact SUV Sales by Model Nameplate 
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Figure E.54: Compact SUV Sales by Make 
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Table E.8: Percent of Yearly Compact SUV Sales by Make and Model 
Compact SUV Percent of yearly compact SUV sales     
Make Model 2002 2003 2004 2005 2007 2008 Average 
Dodge Nitro 0.0 0.0 0.0 0.0 4.6 3.1 1.3% 
Jeep Compass 0.0 0.0 0.0 0.0 2.7 2.4 0.9% 
Jeep Liberty 
16.
7 
14.
9 
14.
2 
12.
3 6.1 5.4 11.6% 
Jeep Patriot 0.0 0.0 0.0 0.0 1.8 4.8 1.1% 
Jeep Wrangler 6.3 6.4 6.6 5.8 8.0 6.1 6.5% 
Ford Escape 
14.
2 
15.
3 
15.
6 
12.
2 
11.
3 
12.
1 13.4% 
Ford Freestyle 0.0 0.0 0.7 5.7 0.0 0.0 1.1% 
Mercury Mariner 0.0 0.0 0.6 2.5 2.4 2.4 1.3% 
Chevrolet Equinox 0.0 0.0 7.1 9.6 5.1 5.5 4.6% 
Chevrolet Tracker 4.1 3.2 1.3 0.0 0.0 0.0 1.4% 
Pontiac Torrent 0.0 0.0 0.0 0.8 1.8 1.6 0.7% 
Saturn Vue 7.4 7.5 7.4 6.8 5.7 6.0 6.8% 
Honda CR-V 
14.
3 
13.
2 
12.
7 
11.
1 
12.
8 
13.
7 13.0% 
Honda Element 0.1 6.2 5.1 4.2 2.4 2.1 3.3% 
Honda Passport 0.3 0.0 0.0 0.0 0.0 0.0 0.1% 
Hyundai Tucson  0.0 0.0 0.6 4.5 2.5 1.5 1.5% 
Kia Rondo 0.0 0.0 0.0 0.0 1.2 2.1 0.6% 
Kia Sorento  0.8 3.7 4.5 3.5 2.3 1.5 2.7% 
Kia Sportage 3.9 0.5 0.0 2.1 3.0 2.5 2.0% 
Isuzu Rodeo 3.0 1.8 1.4 0.2 0.0 0.0 1.1% 
Mazda CX-7 0.0 0.0 0.0 0.0 2.5 2.1 0.8% 
Mazda Tribute 4.4 4.5 3.5 2.7 0.6 1.0 2.8% 
Mitsubishi Outlander 1.1 3.1 1.5 0.9 1.7 0.9 1.5% 
Nissan Rogue  0.0 0.0 0.0 0.0 0.0 4.8 0.8% 
Nissan Xterra 7.8 6.2 5.7 5.3 3.2 2.0 5.0% 
Subaru Forester 5.3 5.5 5.0 3.9 2.8 3.6 4.3% 
Suzuki GrandVitara 1.8 1.2 0.7 0.7 1.3 0.9 1.1% 
Toyota FJ Cruiser  0.0 0.0 0.0 0.0 3.6 2.2 1.0% 
Toyota RAV4  8.5 6.7 6.0 5.2 
10.
7 9.4 7.7% 
Volkswagen Tiguan 0.0 0.0 0.0 0.0 0.0 0.2 0.0% 
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Midsize SUVs 
 
Figure E.55: Midsize SUVs Sales by Model Nameplate 
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Figure E.56: Midsize SUV Sales by Make 
Table E.9: Percent of Yearly Midsize SUV Sales by Make and Model 
Midsize SUV 
Percent of yearly midsize 
SUV sales       
Make Model 2002 2003 2004 2005 2007 2008 Average 
Chrysler Pacifica 0.0 3.5 4.9 5.0 4.3 0.7 3.1% 
Dodge Journey 0.0 0.0 0.0 0.0 0.0 3.8 0.6% 
Jeep Commander 0.0 0.0 0.0 1.0 4.4 2.7 1.4% 
Jeep 
Grand 
Cherokee 
15.
2 
13.
0 9.6 
12.
5 8.0 7.2 10.9% 
Ford Edge 0.0 0.0 0.0 0.0 7.8 
11.
6 3.2% 
Ford Explorer 
29.
4 
23.
4 
17.
9 
14.
0 9.9 8.4 17.2% 
Ford Taurus X 0.0 0.0 0.0 0.0 2.6 2.5 0.8% 
Mercury Mountaineer 3.3 3.1 2.3 1.9 1.8 1.3 2.3% 
Buick Rainier 0.0 0.3 1.3 0.9 0.5 0.0 0.5% 
Buick Rendezvous 4.2 4.5 3.2 3.5 1.9 0.0 2.9% 
Chevrolet Blazer 6.5 3.3 
16.
7 
14.
6 8.2 6.8 9.4% 
GMC Acadia 0.0 0.0 0.0 0.0 4.7 6.4 1.8% 
GMC Envoy 7.5 8.0 7.1 6.3 2.8 2.2 5.7% 
Pontiac Aztek 1.9 1.7 1.1 0.3 0.0 0.0 0.8% 
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Honda Pilot 3.5 6.7 6.8 8.4 8.8 9.3 7.2% 
Hyundai Santa Fe  5.3 6.3 5.9 4.0 5.9 6.3 5.6% 
Hyundai Veracruz  0.0 0.0 0.0 0.0 0.5 1.1 0.3% 
Isuzu Ascender 0.0 0.2 0.4 0.4 0.2 0.2 0.2% 
Isuzu Axiom 0.6 0.4 0.2 0.1 0.0 0.0 0.2% 
Isuzu Trooper  0.7 0.1 0.0 0.0 0.0 0.0 0.1% 
Mazda CX-9  0.0 0.0 0.0 0.0 1.2 2.2 0.6% 
Mitsubishi Endeavor 0.0 2.0 1.2 1.2 0.9 0.6 1.0% 
Mitsubishi Montero 5.0 1.8 0.6 0.2 0.0 0.0 1.3% 
Nissan Murano  0.1 3.5 3.3 4.4 5.9 7.0 4.0% 
Nissan Pathfinder 3.9 2.6 2.0 4.5 4.0 2.9 3.3% 
Subaru Tribeca 0.0 0.0 0.0 0.9 0.9 1.1 0.5% 
Suzuki XL-7  0.0 0.0 1.0 0.9 0.0 0.0 0.3% 
Toyota 4Runner  5.2 6.8 6.0 6.1 5.8 4.6 5.8% 
Toyota Highlander  7.7 7.5 7.0 8.0 8.5 
10.
3 8.2% 
Volkswagen Touareg 0.0 1.0 1.5 1.1 0.5 0.7 0.8% 
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Large SUVs 
 
Figure E.57: Large SUV Sales by Model Nameplate 
 
Figure E.58: Large SUV Sales by Make 
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Table E.10: Percent of Yearly Large SUV Sales by Make and Model 
Large 
SUV   
Percent of yearly Large SUV 
sales       
Make Model 2002 2003 2004 2005 2007 2008 Average 
Chrysler Aspen 0.0 0.0 0.0 0.0 4.3 6.2 1.7% 
Dodge Durango 
12.
1 
12.
3 
15.
6 
16.
4 9.7 7.0 12.2% 
Ford Excursion 3.3 3.0 2.3 2.3 0.0 0.0 1.8% 
Ford Expedition 
18.
5 
20.
6 
18.
2 
16.
2 
16.
9 
15.
1 17.6% 
Chevrolet Suburban 
17.
1 
15.
3 
13.
6 
12.
4 
13.
0 
13.
0 14.1% 
Chevrolet Tahoe 
23.
8 
22.
6 
21.
2 
21.
7 
23.
9 
24.
4 22.9% 
GMC Yukon 
16.
3 
17.
8 
17.
4 
18.
1 
16.
5 
15.
3 16.9% 
Saturn Outlook 0.0 0.0 0.0 0.0 5.6 6.1 1.9% 
Nissan Armada 0.0 0.0 4.2 5.6 5.4 4.0 3.2% 
Toyota 
Land 
Cruiser  0.8 0.8 0.8 0.7 0.4 1.2 0.8% 
Toyota Sequoia 8.0 7.6 6.6 6.5 4.3 7.7 6.8% 
 
Data for 12 months 2002-2005 and Jan-June 2007-2008 
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Appendix F: TxDOT Weigh in Motion Data Analysis 
 
Vehicle Counts 
The 2006 traffic survey data was aggregated across all 84 monitoring stations and 
analyzed.  
 
 Figure F.1: Aggregate Vehicle Count traffic by FHWA type 
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 Figure F.59: Aggregate Vehicle Count traffic by FHWA type.  Only considering vehicles 
of FHWA class 4 and above (heavy trucks). 
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Weigh-in-Motion 
FHWA Class 5 (2-Axle 6-Tire Truck) 
Statistics are based on a 301311 single unit, 2-axle trucks recorded in the 
December 2006 Weigh-In-Motion testing (Card 7).  
Note that the WIM data appears to cut off almost all lower-weight vehicles. No 
passenger vehicles were recorded in the Card7 data. There is also a sharp drop-off in 
vehicles recorded for weights under 7000lb. Though occasionally smaller weight amount 
are recorded (the minimum in this data set is 4700lb) it is uncertain what percentage of 
vehicle travel as these low weights was recorded. 
Table F1:  
2ASU Vehicle 
Weight (lb) 
median 8300 
average 9277 
st dev 3832 
min 4700 
max 74900 
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Figure F.3: 2006 Weigh-in-Motion data for Class 9 trucks 
FHWA Class 6 (3-Axle, Single Unit Truck) 
Statistics are based on a 43073 single-unit, 3-axle trucks recorded in the 
December 2006 Weigh-In-Motion testing (Card 7).  
Table F2: 
3ASU Vehicle Weight 
(lb) 
median 35000 
average 35000 
stdev 15512 
max 60000 
min 10000 
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Figure F.4: 2006 Weigh-in-Motion data for Class 9 trucks  
FHWA Class 9 (5-axle Tractor-Trailer) 
Data entries pertaining to 5-axle tractor/trailers were extracted from Card 7 
Weigh-in-Motion data from 2006. This data was analyzed to determine basic statistical 
properties. Data from 4 months; January, April, October, and November; is shown below. 
This was used to determine an approximate cubed-out weight of 56000lb.  
Table F3:  
January 2006   
# Data Points 1015065 
  Weight (lbs) 
Average 56476 
Median 57200 
Mode 75400 
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Figure F.5: 2006 Weigh-in-Motion data for Class 9 trucks 
Weigh-in-Motion Data: Aggregate for all vehicle types, by station 
 
 
Figure F.6: 2006 Weigh-in-Motion data for Class 9 trucks 
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Figure F.7: 2006 Weigh-in-Motion data for Class 9 trucks 
 
 
 
Figure F.8: 2006 Weigh-in-Motion data for Class 9 trucks 
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Figure F.9: 2006 Weigh-in-Motion data for Class 9 trucks 
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Figure F.10: 2006 Weigh-in-Motion data for Class 9 trucks 
 
 
Figure F.11: 2006 Weigh-in-Motion data for Class 9 trucks 
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Figure F.12: 2006 Weigh-in-Motion data for Class 9 trucks 
 
 
Figure F.13: 2006 Weigh-in-Motion data for Class 9 trucks 
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Figure F.14: 2006 Weigh-in-Motion data for Class 9 trucks 
 
 
Figure F.15: 2006 Weigh-in-Motion data for Class 9 trucks 
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Figure F.16: 2006 Weigh-in-Motion data for Class 9 trucks 
 
 
 
0 
1000 
2000 
3000 
4000 
5000 
6000 
7000 
8000 
9000 
0
 
5
0
 
1
0
0
 
1
5
0
 
2
0
0
 
2
5
0
 
3
0
0
 
3
5
0
 
4
0
0
 
4
5
0
 
5
0
0
 
5
5
0
 
6
0
0
 
6
5
0
 
7
0
0
 
7
5
0
 
8
0
0
 
8
5
0
 
9
0
0
 
9
5
0
 
1
0
0
0
 
1
0
5
0
 
1
1
0
0
 
1
1
5
0
 
1
2
0
0
 
M
o
re
 
Fr
e
q
u
e
n
cy
 
Vehicle Weight, lbs/100 
Histogram, Station 506, December 
129 
 
 
Figure F.17: 2006 Weigh-in-Motion data for Class 9 trucks 
 
 
Figure F.18: 2006 Weigh-in-Motion data for Class 9 trucks 
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Figure F.19: 2006 Weigh-in-Motion data for Class 9 trucks 
 
 
 
Figure F.20: 2006 Weigh-in-Motion data for Class 9 trucks 
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Figure F.21: 2006 Weigh-in-Motion data for Class 9 trucks
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Figure F.22: 2006 Weigh-in-Motion data for Class 9 trucks 
 
 
 
Figure F.23: 2006 Weigh-in-Motion data for Class 9 trucks 
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Figure F.24: 2006 Weigh-in-Motion data for Class 9 trucks 
 
 
Figure F.25: 2006 Weigh-in-Motion data for Class 9 trucks 
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Figure F.26: 2006 Weigh-in-Motion data for Class 9 trucks 
 
 
Figure F.27: 2006 Weigh-in-Motion data for Class 9 trucks 
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Figure F.28: 2006 Weigh-in-Motion data for Class 9 trucks 
 
Figure F.29: 2006 Weigh-in-Motion data for Class 9 trucks 
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Figure F.30: 2006 Weigh-in-Motion data for Class 9 trucks 
 
Figure F.30: 2006 Weigh-in-Motion data for Class 9 trucks 
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Figure F.312006 Weigh-in-Motion data for Class 9 trucks 
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